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PREFACE. 

The favourabto reception that has been accorded to my 
Oriental Drainage by the profession and the Municipal 
and Sanitary Authorities, as well as by a large section of 
the general public, encouraged me to contemplate the issuo 
of another edition. In making preparations, however, with 
that object in view, I found that there was so much new 
and valuable mailer of a practical and interesting natun^ 
that might with advantage be included in a new work, 
and that the original volume was susceptible of consider- 
able expansion in order the more thoroughly to extend the 
soope of the work, that nothing short of a new book woul<l 
meet the requirements of the subject. The many changes 
thus involved in the extent and nature of the original worJc 
have caused me to adopt the name Drainage Problems of 
the East in order to distinguish the present work from its 
predecessor, from which, though fundamentally similar, 
it differs very much both in its scope and in its text, as 
well as by the plans and illustrations which form, I hojKS 
not its least interesting feature. 

Apart from the bringing up to date and expansion of 
the Chapters taken from the original work, new Chapters 
have been added, dealing with such highly instructive 
drainage-systems as those of Karachi, Calcutta, Eangooii, 
Singapore, Penang, Shanghai, and Alexandria, which cover 
a wider geographical area, as well as with sanitary con- 
ditions in other Eastern countries and with some of the 
-more important enterprises that have been undertaken in 
recent years in India and the Far East. 



Digitized by 



Google 



X PREFACE. 

The development of the use of Septic Gas has also been 
fully dealt with, and with it the more recent experiments in 
regard to the biological treatment of sewage have been 
described. 

New Appendices have been added, one dealing with 
useful and short specifications ccwinedted with sanitary 
matters, and the other giving a description of the Hydro- 
lytic Tank designed by the eminent experts Dr. Owen 
Travis, M.D., M.S., Rarrister-at-Law, and Mr. Edwin 
Ault, C.E. 

I have to express my thanks to Mr. N. Maughan, 
A.M.I.C.E., and my Assistant Mr. Dinshaw D. Daruvala, 
A.M.I.C.E., L.C.E., who have given me much valuable 
help in the compilation of this work. 

C. CARKEET JAMES. 
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INTRODUCTION. 

Many standard works on Sewage Diq^osal and Drain- 
age iLave been written, according to the practice prevailing 
in Western Countries, but so far none have appeared in 
regard to India and the East, although the need for some 
standard books for these countries has long beea felt by 
Sanitary Engineers. Many short works have been pub- 
lished on various subjects connected with the question, 
but none have dealt with it as a whole. The Author pro- 
poses in the following pages to endeavour to supply that 
want and to incorporate in this work the experience 
obtained by him in practice during his extended con- 
nection with the Bombay City Sewerage System. The 
need of a treatise on ''Oriental Drainage" is emphasized 
by the fact that in dealing with the Sanitation of an Eastern 
City, ideas and practices which may be wholly successful in 
Europe are not necessarily so in Asia. The main principles 
will probably be applicable both to East and West, but the 
details necessarily widely diverge, and to blindly accept in 
its entirety an English system is to court defeat in an 
^Mental City. 

The prejudices and habits of the people are in many 
ways opposed to an English system of drainage, while the 
climate renders the quicker removal of excrementitious 
matter a paramount necessity. We must also remember 
that Orientals use more water for washing purposes than 
their brethren in Europe, principally on account of fre- 
q.uent refigious cei^monies involving ablutions. 
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XXVllI IN'TBODICTION. 

The liabit, which obtains with almost all Orientals, of 
scouring their domestic metal utensils with ashes, sand, or 
road detritus, adds largely to the possibility of chokage in 
sewers. These substances when mixed with faecal matter 
form a kind of concrete, the removal of which is beset witli 
much difficulty. 

The climatic conditions of a tropical country add 
many difficulties to the satisfactory solution of Drainage 
Problems, the temperature toeing generally such that putre- 
faction rapidly takes place. A high temperature causes 
an excessive formation of gas in sewers, and the introduc- 
tion of sewage-gas into dwellings means disease. Conse- 
quently special consideration has to be given to the ventila- 
tion of sewers and to the materials used in the construction 
of sewerage works. The temperature of the ground is also 
a consideration, and where the range is great, even stone- 
ware pipes are susceptible to it. In many Indian Cities 
the range is very great, in some extending from below freez- 
ing point to above 110^. In Bombay, which is a sringuiarly 
equable climate for India, the extreme maximum tempera- 
ture of air observed during the last 60 years was 100-2'' 
and the extreme minimum 53 •% but the ground tempera- 
ture varies little. The temperature of the water supply 
probably decides that of the sewage and is also generally 
that of the sub-soil water. 

The gradients of sewers which are considered in 
Europe to give sufficient velocity for the removal of solids 
are, as will be shewn hereafter, insufficient in India. There 
is, too, the additional disadvantage, as before pointed out, 
of the presence of materials used for cleansing domestic 
utensils, as well as the fact that public and private latrines 
have to deal with quantities of stones, broken tiles, and 
rags, much of which find their way into the public sewers. 

The ancient practice of building houses in. Indian 
Cities so close together as to be detached only in nam©, 
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INTRODrCTlOK. 



NXIX 



adds enormously to the difficulties of house-drainag«, as 
also the fact that nearly all Hindu castes use dry leaves for 
plates, which are disposed of, some by being thrown intd 
the washing-places which exist in the comers of most 
rooms, and some into the narrow gullies or passages which 
lie between the houses, whence they find their way into 
tjie house-drains. 

Rainfall is a considerable factor in dealing with 
sewage. The rainfall of India varies in places from 600 
inches per annum to nothing; but the fall in Bombay is 
fairly regular, as will be seen by the follow\!lng figures, 
obtained from the Colaba Observatory, which give the 
annual rainfall from 1843 to 1905, inclusive: — 



1843 
1844 
1845 
1846 
1847 
1848 
1849 
1859 
1851 
1852 
1853 
1854 
1855 
1856 
1857 
1858 
1859 
I860 
1861 
1862 
1863 



Inches. 




Inches. 


. . . 55-24 


1864 . . 


. . 45-56 


. . . 62-71 


1865 . . 


. . 77-85 


. . . 54-1 i 


1966 . . 


. . 78-44 


. . . 73-93 


1867 . . 


. 62-30 


. . . 76'UO 


1868 . . 


. . 621 2 


. . . 75-86 


1869 . . 


. . 91-66 


. . .114-89 


1870 . . 


. . 66-21 


. . . 50-25 


1871 . . 


. . 40-58 


. . . 96-07 


1872 . . 


. . 76-48 


. . . 69-27 


1873 . . 


. . 69-70 


. . . 62-60 


1874 . . 


. . 82-18 


. . . 82-14 


1875 . . 


. . 83-09 


. . . 41-18 


1876 . . 


. . 50-04 


. . . C5-92 


1877 . . 


. 69-89 


. . . 5!-27 


1878 . . 


. .111-93 


. . . 6-2-45 


1879 . . 


. . 61-40 


. . . 7716 


1880 . . 


. . 67-94 


. . . 6215 


1881 . . 


. . 7304 


. . . 79-91 


1882 . . 


. . 69-23 


. . . 73-63 


1883 . . 


. . 90-18 


. . . 77-68 


1884 . . 


. . 75-44 



1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1 896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 



Inches 
. 67-91 

99-74 
. 94-95 

57-82 
. 67-84 

65 18 
. 77-18 

95-42 
. 67 24 

66*85 
. 67 59 

87-65 
. 81-53 

74-09 

35-90 
. 69-12 

75-32 
. 71-97 

84*49 
. 33-42 

33*66 



The maximum rainfall registered in any one day in 
these years was 16*10 inches — on the 18th June, 1886 — and 
the greatest fall in an hour 4 *22 inches. Rain in Bombay 
occurs on an average upon 104 days per annum. During 
heavy rain the evaporation in Bombay is small, but there 
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is no doubt tkat at other times it is great. Mr. BidAwin 
[iattiam, in his report on The Smniimtim ef BomJbetf, giv«8 
it at as much as 62 inches per annum, this figure bomg 
determined by calculations based on temperature, dryiiess 
of the air, and velocity of the wind. Some years ago Mr. 
David Gostling, F.B.I.B.A., made some observati(ms in 
Bombay during twelve consecutive months and found the 
evaporation to be 61 inches for the whole year. This, how- 
ever, migjit have been an exceptional year and does not 
necessarily disprove the correctness of Mr. Baldwin 
Latham^s estimate. 

Of the rain which falls in Bombay, with its large 
number of buildings, paved spaces, and metalled roads, the 
gr€«ter portion at once flows off, and the amount which 
percolates into the ground, according to Mr. Baldwin 
Latham, does not exceed on the average nine inches during 
the monsoon. 

House-connections in an Indian City are always a mat- 
ter for grave consideration, because under no circumstances 
can they be installed satisfactorily at a small cost, and be- 
cause of the generally cheaper construction of buildings 
in the East than in the West and the consequent dispro- 
portion which often exists between the cost of a building 
and of its connecti<»iB. Cases have occurred where the oost 
of a house-connection has exceeded the value of the building 
concerned. 

Experience of Bombay teaches that the house-drain 
should, if possible, be an open drain; for open drains, 
though not cheaper than closed drains, have the advantage 
of being easily cleaned and generate no sewage gas. 

A fact which cannot be too strongly insisted ou ant! 
may be considered an axiom in Sanitary Science, is 
thait a water-supply should not be brought into a towj*, 
unloas efficioat arraageiuents have been made for i^ vky- 
iiioval immediately it has serv-^ed its purpose: and if this 
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applies to the West, how much more should it apply to the 
East with its increased temperature? 

The following is not an unfair description of many a 
mofussil town in India: A confined area, teeming with a 
dense population, the houses huddled together along narrow 
alleyways rather than streets ; with few latrines and with 
very little attempt at sweeping, the refuse being generally 
taken no further than the nearest open space and the 
sewage finding its way to a convenient tank or soaking into 
the ground. In such circumstances the problem of a 
complete and satisfactory drainage scheme is by no means 
easy to solve. 

The Author, however, hopes that the effort made in 
that direction in the following pages will be of use to 
Engineers in dealing with such problems. 
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DRAINAGE PROBLEMS OF THE EAST. 



CHAPTER I. 



DRAINAGE SYSTEMS. 

Until comparatively recent years, open drains at the 
sides of streets, that depended on the monsoon rains for 
their annual cleansing, ctostituted the only drainage sys- 
tem existing in many important Indian towns and cities, 
and no serious attempt had ever been ma<^ie to deal effec- 
tively with the drainage of such areas. 

By the passing of Municipal Acts, Government created 
local authorities with full powers to deal with the sanita- 
tion of their respective towns, and to compel the people 
themselves to adopt such sanitary measures as might be 
considered necessary for the general welfare of the inha- 
bitants. It is, however, only of late years — owing chiefly 
to the ravages of enteric, plague, and other diseases in 
some of the largest urban areas — that these local authorities 
have realized their responsibilities in the matter, and that 
the people generally have awakened to a sense of the com- 
fort and the benefits derivable from modem sanitary mea- 
sures. The result has been that most of the larger cities 
and towns are now provided, or are about to be provided, 
with some modem arrangement for ttie disposal of their 
sewage, combined with a plentiful water supply. 

Hand Bemoval or Conservancy System.— One 
of the earliest attempts of Municipal Government to deal 
with the sewage of towns was undoubtedly that of " hand 
removal," or as it is frequently named the *' conservancy 
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system." This system still exists in many places possessed 
of no proper system of drainage, and may even b0 seen in 
♦hose parts of Bombay City which have not as yet been 
"knnected with the main sewerage system. 

Under the conservancy system, all night-soil, etc., is 
collected in vessels and deposited in local cess-pools provided 
for the purpose: the cess-pools are emptied periodically, 
the fcecal matter being carried away to some convenient 
site outside the inhabited area and buried in the ground, 
while the suUage is usually left to soaK into the ground. 
In Bombay, cess-pools are cleared once in 24 hours, and 
their contents carried in closed iron carts to the nearest 
night-soil depot on the main sewerage system and dis- 
charged into the sewers. 

There can be no question that this method is both 
objectionable and insanitary, in view (a) of the non- 
removal of sullage and foeces for several hours from the 
vicinity of buildings, (b) of the passage of sullage and 
night-soil carts through densely inhabited streets, and (c) 
of the emptying of these carts at various depots, and the 
consequent liberation of a large collection of offensive and 
dangerous gases. But the method is preferable to allowing 
refuse and filth of every description to putrify in the open 
air, and it is not every town that can afford to adopt a 
more modem method for the disposal of its sewage. 

For use in connection with the working of the " conser- 
vancy system," many good types of native privies have 
from time to time been designed. Illustrations and de- 
scriptions of some of these are given in Chapter III. 

Of the regular drainage systems followed, there are 
two kinds, known as the " combined " and " separate." 
The " combined system " is that in which all the sewage, 
stormwater, etc., are carried through one sewer. It is reirely 
applicable to Eastern countries, in which the seasons are 
well defined and the rainfall concentrated in practically 
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only four months of the year, for the reason that, where 
the rainfall exceeds 30 inches, no sewers have as yet been 
designed that are at once capable of being self-cleansing in 
the dry weather and large enough to carry the surface 
water during the monsoon period. Sewers of larger con- 
struction than are necessary for the sewerage proper, soon 
Income charged with deposit in the dry weather and may 
thus prove highly injurious to health. 

The " separate system " is that in which separate 
drains are provided for the sewage, the surface water, and 
occasionally the subsoil water. This system, though more 
costly than the " combined system," has three distinct 
advantages, namely: (a) smaller sewers can be used, (b) 
the formation of sewer gas is minimised, and (c) greater 
facilities are afforded for supervision and cleansing. 

The Author's experience leads him to prefer carrying 
the subsoil and surface water in one drain, and all sewage 
and such rain water as falls on small court-yards and 
sweepers' passages or gullies in a separate sewer; and in 
spite of its extra cost, he believes this system to be generally 
the best suited to Eastern coimtries, in which the rainfall 
is confined to a few months in the year. No hard and 
fast rule for the adoption of any one system can, however, 
be laid down; the ultimate verdict must rest upon the 
fullest consideration of local conditions. 

When once it has been decided which system should 
be adopted for the drainage of any area, a very careful 
study of the ground and its natural drainage should be 
undertaken, in order that the best alignment for the main 
sewers may be accurately determined and the most con- 
venient and economical site chosen for the sewage outfall 
or place of discharge for final disposal. 

Qrayitation. — Sewers discharging wholly by gravi- 
tation into a river or sea are an ideal feature of any 
drainage system. In practice, however, the ideal is rarely 
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attainable; and it will generally be found necessary to lift 
the whole or a portion of the sewage of a town, either by 
pumping or other means, before it reaches its outfall and 
is finally disposed of. 

The greatest care must, therefore, be bestowed upon 
fixing the gradients of sewers, it being always remembered 
that too steep a gradient is quite as undesirable as too 
flat a gradient. If it be too steep, the inner surface of the 
sewer is liable to corrosion, and, if too flat, a precipitation 
of solids, with consequent troubles and difficulties, ensues. 

Every sewer, of whatever size or shape, has its owji 
minimum self-cleansing gradient, and such gradient should 
be looked upon as an essential and on no account to bi,' 
reduced even at the cost of additional lift. 

Pumping. — ^Where a town is so circumstanced that 
the whole of its sewage would gravitate to one point but at 
too low a level to admit of a free discharge, the lifting of 
the sewage would best be effected by directly acting pump- 
ing engines. But gravitation to a single point is frequentl\' 
an impossibility; and in such cases the town should bi» 
dfvided into sections, the sewage of each section, wherever 
necessary, being automatically lifted by one of the follow- 
ing methods, viz., 

(a) Air pressure, known as Shone's Hydro-l^neumatic 
System ; 

(b) Water pressure, known as the Hydraulic System; 

(c) Vacuum, known as the Liernur Pneumatic Systeni ; 

(d) Electricity, Imown as the Electrical System. 

The most economical type of engine for pumping 
installations requiring not more than 25 brake horse power, 
is probably an oil or gas engine connected by gearing to a 
two or three throw vertical ram pump with externally 
packed plungers. If higher power be needed, steam is 
generally preferable on account of its great adaptability to 
a varying load. If an oil engine be selected, one of i\w. 
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several types, which are adapted for burning the lowest 
grade of bulk kerosine oil, should be chosen, not only by 
reason of the greater economy of this oil, but also of its 
universal distribution amongst the marts and bazaars of the 
East. 

For high or even moderate lifts, where the pumps have 
to be placed below ground level, there is a choice of th^ 
beam, the marine, or other types of vertical engine, of 
which the Worthington is a good example, coupled direct 
to the pump below, or of horizontal engines connected to 
the pumps through the medium of a bell crank placed in 
a frame above the pump well. 

For low lifts, the Worthington direct-acting horizontal 
pumping engine or a centrifugal pump, coupled direct to 
a high speed horizontal vertical engine, is suitable; but 
the latter is not to be recommended for sewage pumping 
unless the total lift is less than 25 feet, for although its 
initial cost is cheap, its efficiency is low. 

Vertical ram pumps are subject to less wear than hori- 
zontal pumps, as grit, which is always a special trouble in 
the East, does not lodge so readily on the moving parts of 
t&e former. Pumps of the bucket and plunger type are 
not as suitable as ram pumps for pumping sewage, on 
account of the excessive wear caused by grit between the 
bucket and the pump barrel. The valve area in a pump 
of this type is also necessarily very restricted— a very 
undesirable feature where sewage is to be pumped. With 
ram pumps the valves can be so arranged as to be entirely 
independent of the ram and can thus be' made of sufScient 
area. 

Now that an apparently unlimited supply of Petroleum 
Liquid Fuel is obtainable in both the Eastern and the West- 
em Hemispheres, it will probably be rapidly adopted, in pre- 
ference to coal, by Municipalities for use in Pumping Sta- 
tions situated within and beside large cities. By its use the 
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nuisance of dust, smoke, soot, and ashes, is, with ordinary 
care, entirely obviated — an important consideration to 
Municipalities, whose duty it is to set an example in such 
matters. Liquid Fuel is composed of a variety of sub- 
stances, among which crude or semi-crude Petroleum or 
the residue of Petroleum after refinement chiefly figures. 
Its flash point ranges from ISO*' to 210'' Fahrenheit, and 
its calorific value as compared with coal ranges from IJ 
to 1 to about 2 to 1. About 1 y'^ pint of oil is required per 
horse power per hour. 

Pneumatic System. — ^Local circumstances often 
require the sewage from several sections of a City to be 
lifted or pumped, while the major portion of the sewage 
may have a natural outfall. In such cases, Shone's Hydro- 
Pneumatic Ejector System is very suitable. In this systen) 
the motive power is compressed air, carried in small pipes 
to various points and there utilized for the required pur- 
pose. The system can also be applied when the whole of 
a town's sewage has to be lifted, and the Patentees claim 
special advantages in this contingency ; but in such cir- 
cumstances it would probably be more economical to adopt 
direct pumping, except in cases where the sewage has to 
be lifted at several points. 

The following are the advantages claimed by the 
Patentees of this system and published by them: — 

(1) The interception of the bulk of the sewage at 
higher levels and consequent saving of power as com- 
pared with a single pumping station in which the 
whole has to flow down to the lowest point, the con- 
tinued fall to the pumping station being so much 
absolute waste power. 

(2) The entire severance of each district from the 
main collecting sewers and the rest of the drainage 
area. Thus in the event of any epidemic disease break- 
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ing out in one district, it cannot be conveyed by sewers 
into healthy districts, as is often the case when the 
whole area is connected by a network of drains 
leading to a common outfall. 

(3) The avoidance of deep cuttings and of large sewers, 
whereby great economy in initial cost is effected. 

(4) The ready extension of the system in proportion 
as the population and occupied area increases, thus 
avoiding the immediate provision for probable future 
requirements and relieving the ratepayers of the pre- 
sent day of the heavy burden of providing prematurely 
for the wants of a possible future population. 

The Patentees have failed to mention what, at any rate 
in the East, is such a very important advantage in connec- 
tion with this system, and that is, the automatic working of 
the ejectors. "Where skilled labour is rather the exception 
than the rule, this must be counted a distinct advantage. 
Once an ejector has been placed in working order, it requires 
little or no supervision, and its inspection once a day is 
usually sufficient. Cases have been known where ejectors 
have worked for months without having received any 
attention. 

Fig. 1 illustrates a sectional view of a Shone's Ejector. 

These ejectors consist of spherically ended cast or 
wrought iron containers, varying in capacity from 60 gallons 
upwards, and were, until quite recently, solely manufactur- 
ed by Messrs. Hughes and Lancaster, of London, but owing 
to the expiry of the patent they are now obtainable from 
several makers. In Bombay they have been fixed in some 
districts in brick chambers as shown in Fig. 2, and in 
other districts in cast iron tubbings as shown in Plate 1. 
There are in this City several working with capacities 
varying from 100 up to 1,200 gallons each. The working 
of the ejectors is very simple. The sewage enters by gravi- 
tation through pipe A (Fig. 1), passes the flap G, and rises 
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in the container until the air within bell D is suffi- 
ciently compressed to lift the rod and cup B and open 

SHONE'S PNEUMATIC EJECTOR. 



Fia. 1. 
the valve E, which is connected with an air pressure main. 
As soon as the air is admitted from the pressure main, it 
is free to act on the surface of the sewage in the container. 
The pressure so applied closes the entry valve G and 
forces the sewage out of the container past the flap valve 
F into the pipe C and then into the sealed sewage main, 
through which it is forced to its outfall. The weight of 
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the sewage retained in the cup B is sufficient, when the 
sewage in the container falls below the bottom of the cup, 

SHONE'S PNEUMATIC EJECTOR 
IN BRICK CHAMBER. 



SECTION. 



to close the pressure main valve E and to open an exhaust 
valve, through which the compressed air in the container 
escapes. As the air pressure is being exhausted, the height 
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of the sewage in the sealed main C closes the flap F, when 
the container begins to refill. This process is repeated 
automatically so long as any sewage flows out of the inlet 
sewer A. 

The compressed air required for the working of this 
system having been generated at some convenient central 
station is conveyed to the ejector in iron or steel pipes, laid 
under the ground at a depth of some 3 feet, where they are 
free from all danger of breakage by traflic and steam 
rollers. 

The advantages of a Shone's Ejector as given by the 
Patentees may be summed up as follows: — 

(1) The working parts are reduced to a minimum and 
such as are requisite are not likely to get out of order. 

(,2) Thei parts with which sewage comes in contact con- 
tain no machine-tooled surfaces, which are unavoid- 
able in pimips and get rapidly destroyed by the action 
of sewage, sludge and grit from the road detritus, etc. 
In the ejectors there is nothing but the hard skin of 
the original castings, coated with Dr. Angus Smith's 
composition, upon which the sewage can produce no 
detrimental effect. 

(3) The friction of a pump piston and other working 
parts is avoided, the compressed air itself acting 
direct upon the fluid, without the intervention of any 
machinery, and forming an almost absolutely friction- 
less and perfect piston, past which there can be no slip 
or leakage. 

(4) The cup-and-bell float arrangement is one that can- 
not possibly get out of order, as an ordinary rising 
and falling float would be likely to do. 

(5) The only tooled parts are those in connection 
with the small automatic air valve ; this makes only 
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one movement of two or three inches for each discharge 
of the container of from 60 to 1,200 gallons (according 
to the size of the ejector), and is only in contact with 
the compressed air and out of reach of the sewage. 

(6) The sewage inlet and outlet valves are so arraagc^d 
as to give a free passage way of the full area of the 
pipe to all solids that the pipe itself can carry. iVo 
part of the container has any depression or traps 
wherein solid matter can collect. 

(7) The outlet is from the bottom of the ejector so that 
the whole of the sewage, including solids, sludge, grit, 
and everything brought down the sewer, is discharged 
out of the ejector. 

(8) For these reasons no screening or straining of the 
sewage is necessary, as is the case with pumps, and 
the great nuisance caused by the cleaning of pump 
gratings and sump wells is avoided. 

(9) The sudden rush of the whole corftents of the ejector, 
when the discharge is into a main gravitating sewer, 
forms a most effective flush. 

(10) The ejector forms an absolute severance of the 
sewers of each district from the main sewer. 

The size of an ejector required for any district is deter- 
mined by the estimated quantity of the sewage of the dis- 
trict, its capacity being equal to the number of gallons of 
sewage per minute at the time of maximum flow, which, as 
is explained later, should be one and a half times the 
average per minute of the total daily flow. Each district 
should be provided with ejectors of tHe requisite size in 
duplicate, one being sufficient to cope witli the ordinary 
work and the other held in reserve. The two ejectors 
should be worked alternately, say, every week or fortnight, 
to ensure that they are both kept in working order. 

Cast iron pipes required for an air and sealed sewage 
mains need not be of the same thickness as those used for 
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water works, as the pressure iiiuler wliicli they work is 
comparatively light. The following thicknesses are recom- 
mended for these mains: — 

Diameter : 2^" 3' 4" 5" e** 7" 9" 10" 12" U" 15" 

^" •^" ^'^ ^^^ '^" ^" ^" ^a •''" — ^^^ 
Ihicknees: -^ ^ ^g- ^-^ ^ .^ ^^ .-^^- -g- ^ — 

The weight?; of pipes of these thicknesses, 9 feet long, ex- 
clusive of the so'cket. would be as follows: — 





owts. 


qrs. 


lbs 


2J" diameter . 


. 




22 


3' „ . . 


. . 1 




10 


4 " „ ... 


. 1 




20 


f>' ,. . . 


. . 1 




24 


6" ,. . . . 


2 




27 


7" „ . . 


. . 3 




1 


» " 


. 4 


2 


24 


10' ,. 


. . 5 





16 


12" ,. . . . 


. 6 


3 


13 


14 " „ . . 


. . 8 





26 


I-'-'" 


. 9 


2 


3 



The air mains, after being laid and covered in, should 
stand a test of not less than IJ times the w^orking pressure 
of air for two hours, with a loss not exceeding 20%. 

They should be tested periodically, and when found to 
lose more than the above limit in one hour, steps should 
be taken to stop the excess leakage. To do this, each 
section should be tested separately, having previously 
examined all stop valves and arranged for the fixing of a 
pressure gauge to the main in each section. 

After the section in which any excessive leakage has 
taken place has been located, the air should be blown off, 
and about 1 lb. of concentrated oil of peppermint, or other 
strong smelling volatile oil, should be introduced into the 
pipe by removing the stop valve cover at the end of the 
defective section nearest to the compressor station. On 
restoring the pressure, the air contained in the pipe will be 
heavily scented, and if the latter is not laid at a greater 
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depth than. 3 feet, the position of the leak can generally be 
detected by carefully walking over. the site of the pipe. 

An early hour on a still morning should be chosen 
for the test, and it is scarcely necessary to state that the 
person conducting it should not himself place the essence 
in the pipe. 

If this means of detection fail, the pipe will have to 
be cut in the centre of the section and each half tested separ- 
ately, and so on in the same manner until the leak is con- 
fined to a comparatively short length, the whole of which 
can then be exposed. The leak will generally be found 
to be due to a cracked pipe, to a blown joint, or to a section 
of piping having settled in soft ground. Leakage in ex- 
posed joints which are only slightly defective can be 
ascertained by washing them over with soap and water, 
when the escaping air will blow small bubbles round the 
leak. 

The following is a simple and practical rule for cal- 
culating the sizes of air and sealed sewage mains: — 

It will be correct for all practical purposes to lay the 
sewage delivery pipes, so as to carry sewage at a 
velocity of 2 J feet per second, and the air mains to 
carry compressed air at a velocity of 20 feet per 
second. 

Divide the capacity of. the ejector in gallons by twice 
the above velocities (in feet per second), and take the 
square root of the (juotients. The results will give the 
diameter of the respective pipes in inches. 
D= Diameter in inches. 
G= Capacity of the ejector in gallons. 
V= Velocity in feet per second. 
The following example will illustrate the above rule: — 

What should be the size of the ejectors, the air main, 
and the sealed sewage* main for a district having a popula- 
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tion of 12,000, 6 cubic feet per head per diem being taken 
as the average water-supply? 

Population of district = 12,000. 

Average water-supply per day = 12,000 x 6 cubic feet or 
x37:6 gallons = 450,000 gallon*. 

Gallons of sewage per mmute =- ^^^ " 312J gallons. 

Quantity at time of maximum flow =» 312^ x ^ = 469 
gallous. 

An ejector of 500 gallons capacity would therefore be 
required, and as one ejector should always be a stand-by, 
two ejectors of 500 gallons each should Be provided. A« 
regards the sizes of the mains, the diameter of the air 

mains would be equal to J-^ =4 inches (an even figure), 

and that of the sealed sewage main would be equal to 

j;g =10 inches. 

The air pressure required to operate any particular 
ejector is calculated as follows:— 

Suppose the level of the bottom of the ejector is 60 feet 
above any datum, and that of the end of the sealed 
sewage main, where the sewage is finally discharged, 
90 feet above the same datum, the height through 
which the sewage is lifted would be 90—60=30 feet. 

Suppose the sealed sewage main to be 10,000 feet 
in length from the ejector to the outfall, the diameter 
12 inches, and the velocity 2J feet per second, the 
discharge would equal about 107 cubic feet per mmute 
and (calculating from Taylor's Pipe Discharge Dia- 
grams) the frictional resistance would amount to 2*8 
feet per thousand, or a total of 28 feet for the whole 
length. Therefore, the total head to be overcome is 
equal to 30 feet the actual height and 28-0 feet the 
head due to friction, or 58*0 feet in all. 
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It requires an air pressure of 1 lb. per square inch 
to overcome a head of 2*3 feet of water, and there- 
fore the pressure in the ejector to overcome the above 
resistance and drive out the sewage must be ^or 
26-21 lbs. per square inch. 
The diagram A, Vol. II. is taken from a paper read by 
Mr. Edwin Ault before the Society of Engineers and 
shows — 

(a) the quantity of free air required per gallon of sew- 
age for different lifts; 

(b) the indicated horse power required per gallon of 
sewage for different lifts; and 

(c) the i)ercentage of usual effects obtained with Shone's 
Ejectors. 

Plate 2 shews how the connections are made between 
an ejector and the sewers, and an ejector and the sealed 
sewage or rising main. There are two pipes rising from 
the top of the ejector, one of these being the air main, 
supplied direct from the engine house, and the other the 
exhaust pipe through \vhich the compressed air, after 
having done its work by forcing the sewage through the 
outlet of the ejector, is allowed to escape. This exhaust 
air passes through a layer of coarse gravel before it finds 
its way out of the outlet shaft. This is an arrangement 
much advocated by the Patentees to dry the exhaust air 
before being finally discharged, and is not intended in any 
way to disinfect the air, for whicE some material, such as 
cliarcoal, would be necessary. The shaft nearest the ejector 
is the ventilator, into which the exhaust pipe discharges, 
each ejector chamber being supplied with a shaft of this 
description, generally about 60 feet high. This constitutes 
the only ventilation the Shone system has. The shaft 
shewn on the Plate furthest away from the ejector is an 
air inlet shaft, and one of these is usually placed at the 
head of each length of a gravitating pipe sewer. The 
object of this shaft is to supply fresh air to the pipe sowers, 
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replacing the foul air which is drawn out of them by the 
action of the exhaust air from the ejector. The sliding 
openings in the heads of these shafts require to be carefully 
a3justed, those nearest the ejector chamber being partially 
opened, those further away being fully opened so as to 
obtain a regular distribution of fresh air. 

The ventilating shafts work very eflSciently on this 
system, the exhaust air discharged through a nozzle into 
the shaft inducing a current and thus drawing a quantity 
of foul air from the gravitating sewers ; but this foul sewer 
air is very apt to be discharged from the ventilating shafts 
in puffs and carried by the prevailing wind, long distances, 
into neighbouring houses. This has Been the experience 
in Bombay, and a serious nuisance has at times resulted. 
There are many reasons which prevent ventilating shafts 
being raised to any great height, and in the neighbourhood 
of dwellings it is consequently desirable to treat the gas 
in some way before it leaves the shaft. 

The main air compressor station at Love Grove, 
Bombay, contains four horizontal triple expansion condens- 
ing engines. Each engine has three air compressing 
cylinders, the pistons of which are coupled direct to the 
steam pistons. Two of the engines indicate 220 horse power 
each on a full load, and are each capable of compressing 
2,466 cubic feet of free air per minute to a pressure of 
231bs. above the atmosphere. The other two engines are 
each half the size of the above. 

The fixst cost of the two smaller engines was greater 
than that of one of the larger size, but in a large 
installation of this kind, where the day and night loads 
vary considerably, it is always advisable fo have two sizes 
of engines in order to avoid the loss which would be occa- 
sioned by working a large engine much below its maximum 
speed. 
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The two larger-sized engines, or one of the larger and 
the two smaller-sized engines when working together, are 
capable of lifting 14,000 gallons of sewage per minute to 
heights varying from 17 feet to 44 Jeet dynamic head. 

Steam is supplied from three BaBcock and Wilcox 
water tube boilers, each having 1,426 square feet of heating 
surface and capable of working up to a pressure of 200 lbs. 
per square inch. 

A Green's Fuel Economiser of 168 tubes is fixed in the 
main flue from the boilers for the pxupose of heating the 
boiler feed water. 

From a purely sanitary point of view, the Shone system 
is theoretically perfect, for the sewage is rapidly removed 
in a fresh state from the inhabited portions of the town to 
the ejectors, but this undeniable advantage is accom- 
panied by certain drawbacks: it is expensive both as 
regards eflSciency and initial cost, the apparatus required 
including the air compressing machinery, the cast iron air 
mains and sealed sewage mains, and its ejectors and 
ejector chambers; these. However, are not luxuries but 
necessities where a gravitation system cannot be adopted 
and sanitary conditions are desired. The defects of the 
system and loss of efficiency are due to — 

(1) the impossibility of using the air expansively as in 
steam ; 

(2) the heating of the air during compression; 

(3) subsequent loss of pressure on cooling; 

(4) the leakage of air mains ; 

(6) leakage of the valves at the ejectors; and 
(6) the difference in head at the different ejector stations. 
The efficiency obtained varies with the head to wtich 
the sewage has to be lifted, as shown by the diagram re- 
ferred to above. 

Many have raised valid objections to the Shone sys- 
tem on the score of its low efficiency. Mr. J. Forrest 
Brunton, M. Inst. C.E., the Municipal Engineer of Karachi, 

2 
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<eeaitly wrote an artick entitled " Kote« on the woridng of 
ttie Stkooe System of Sewerage at Karachi " for the Initi- 
tutioe of Civil Eiiirineers, in which he ^ewed that Iho effi- 
ciency a4 Karachi was 0'363« This is somewhat hi^er 
than the efficiency at Colaba, in Bombay, where a lew jrears 
ago it was found to be 0*223. But, serious as these objee- 
ticms are, one must not lose sight of the o(»nmercial aspect 
of the working of the Shone System ; for loss of efficiency 
is largely counterbalanced by the fact that skilled super- 
vision is not essential, by the non-screening of the sewage 
and by the automatic working of the ejectors. 

The Shone System, which has been introduced into 
several districts of the City of Bombay, has so far proved 
very successful. The first installation was put down in 
the Colaba District^ in 18^96, and provides for a presoat 
population of 18,000 people and for a proqw^tive pecula- 
tion of 28,00a In 1900-1901, a further extensicaa was made 
for the district of Mazagon, which houses a populaticm of 
d3,00a In 1901-1902, the system was further extended 
to the Parel and Chinchpokli districts, having a population 
of 85,000. Further details of theee installations will be 
found in Chapter VIII. 

In the immediate neighbourhood of some ejector sta- 
tions in Bombay, the Author has noticed, during the time 
of the maximum flow of sewage in the sewers, that foul 
air is apt to to be forced out of the manhole covers at road 
level with a resulting nuisance. This arises from the fact 
that during the period of discharge by the ejector, the 
inlet valve is closed and the sewer has consequently no 
outlet, with the result that the sewage agglomerates in the 
sewer, rises in the manholes, and by compressing the air 
in the shafts forces it through the covers. 

A remedy for this with existing ejector stations is the 
provision of high ventilating shafts above the houses to 
relieve the pressure, coupled with air-tight manhole covers. 
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In dtwtgwtBg new •jeoicMr rtatkiM, it hi detirftbldf aftor 
aU oalcubitioas for levels luive hma fixed, to lower ih» 
SMi&BL together with the inlet mwfiKole by an •meunt 
enfieioot to give in the inlet manhole m etorage capaeity 
equal to the else of the partieular ejeotor. 

Rangoon was the first city in the East to adopt the 
{maumatic system for the lifting of its sewage and now 
has about 36 ejeetor stations at work, each ejector haring 
a capacity of 200 gallons. Theae ejectoors are fixed in 
duplicate and, on account of the sandy and water-togged 
nature cd the soil, are placed in cast iron tubbings as 
shewn on Plate 1. 

Mistakes were doubtless made and many defects en- 
countered in th€( early working of the system in that City, 
but most of these have now been rectified and the system 
seems to be very efficient. 

The great mistake made in the Rango<Mi installation 
was uncbubtedly that of laying sewers of too small a 
diameter. These sewers, which are of cast iron, measure 
only 6 inches in diameter and have always caused consider- 
able trouble by ccufttinually getting choked, to the extent 
of an average oi 8 chokes per day. This trouble cannot 
now be rectified without replacing the sewers by others of 
larger diameter. 

Amcmgst the defects encountered were (a) the non-provi- 
sion of a sluice valve outside the ejector chamber on the 
discharge pipe in order thait the ejector chamber might, 
wh^i required, be cut off from the sealed sewage main; 
(b) the non-provision of inspection chambers or manholes 
on sealed sewage mains, leading to much trouble whw a 
choke occurred; and (c) the discharge of the air exhaust 
into the ejector chamber instecKl of being tak^i up by 
means of a pipe into the open air. On one occasion this 
resulted in a serious explosicm, causing considerable damage 
to the chamber. Also, the inlet valve falling on its seat 
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with a shock caused excessive vibration to the ejector. This 
has now been overcome by facing such valves with rubber 
or some similar material. No reducing valves were pro- 
vided on the air mains in order that the pressure delivered 
in the ejectors might be regulated in proportion to the 
resistance to be overcome. 

The total cost of the sewerage of Rangoon on the Shone 
System amounted to Rs. 2,352,733, which works out to 
Rs. 19 per head of population or in sterling about £ 1-6-0. 
A more detailed account of the sewerage of Rangoon is 
given in Chapter XI., kindly furnished to the Author by 
Mr. Edwin Ault, who designed not only the original drain- 
age but the proposed extensions and alterations. 

Karachi has also been drained on the Shone System 
and a separate account of this is given' in Chapter X. 

Hydraulic System. — As an example of the usa of 
hydraulic power for lifting sewage from low-lying areas, 
which cannot be drained to a general outfall by simple 
gravitation, may be mentioned the Installation at Woking, 
in Surrey, which was completed in the year 1900. As 
in the Shone Hydro-Pneumatic System, the power is 
generated at a central station and transmitted through 
pipes to the various automatic pumping stations which, 
in the town under reference, are four in number. Several 
reasons induced the Engineers, Messrs. John Taylor Sons 
and Santo Crimp, to adopt water power in preference to air 
in this district. The principal reason was the desirability 
of placing the central station on the sewage farm where 
the whole of the sewage was purified. The power water 
being obtained from the subsoil water on the farm, an 
excellent means of assisting to keep the subsoil water at as 
low a level as possible was thereby provided. A well was 
sunk on the farm near the engine house, from which all 
the water necessary for working the pumps was obtained. 
The natural level of the water in the well was, on the 
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average, some 6 feet below ground level, and is now, no 
doubt, being maintained in level by the sewage placed upon 
the sewage farm. As, however, the effluent coming from 
the farm is an extremely good one, the water in the well 
maintains a fair degree of purity. 

Another reason for ladopting hydraulic power was 
that the arrangement provided a means of storing the 
water in overhead cast iron tanks after it had done its 
work of pumping the sewage, and subsequently employing 
it for street watering or sewer flushing. This arrange- 
ment at Woking is, as far as the Author is aware, quite a 
new departure, and has not been utilized elsewhere. 

The hydraulic pressure employed is 200 lbs. to the 
square inch: this is rather a low pressure to adopt for 
power transmission, but, as has already been explained, 
there is in this case plenty of water; and in fact the more 
used the better. The adoption of a low pressure enabled 
the pipes required for conveying the power from the 
generating station to the automatic pumps to be of a lighter 
and less expensive make than they would have been had 
the pressure been 1,000 or 1,200 lbs. to the square inch, 
and reduced the cost of laying and jointing. 

An additional and very important advantage in the 
adoption of the low pressure is that the size of the accu- 
mulator ram can be increased, thus preventing sudden and 
rapid oscillations when the outlying sewage pumps are 
automatically opened or closed. 

The pipes are of the ordinary spigot and socket type, 
and the joints were made by first forcing a strip of cold 
lead into the bottom of the socket and subsequently running 
the joint with lead and setting up in the usual manner. 

The power generating plant at the sewage farm 
consists of a pair of horizontal ' compound steam engines, 
each driving hydraulic pumps direct in line behind the 
cylinders. These engines work at a steam pressure of 140 
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U)s. per square inch, $od maUse 90 revciutians per miavie. 
Tfae diamaterfii of the high snd low prefsiire cylindenB mre 
6 mohes and 10 mcbee, respectively, both having a stroke 
of 12 inches. The pumpe, which have 4^iiich pistons and 
3-inch rams, discharge direct to an aocnmnlator, and from 
thence the water is forced through the hydraulic main to 

AUTOMATIC HYDRAUUC PUMPING STATION. 

Fia S. 



Sod*. I iocb = I foot. 
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the automatic fminps 9/t the varkms ontstations. The accn- 
Bitiiator ram m 11 inches dianetor with a stroke of 10 feert. 
T)» rise and fall of the cuxmmmlator by neam of an equili- 
brinm valve on the main steam pipe, which is connected 
to a wet^t suspended directly ov«r the accnmnlator, 
automatically admits steam to, or cvts it off from, the 
engines. It is thus only necessary to keep up the pressure 
of steam in the boilers for the whole system to be in actual 
automatic wc^king order. The machinery at the various 
automatic lifting stations, which is shewn in detail in Pig. 
3, is in duplicate, and is controlled by means of counter- 
balanced floats which start or stop the pumps according 
to the level of the sewage in the sumps. The pumps are 
single acting, the plungers being forced downwards by 
means of a fixed operating ram, witHin which slides an 
operating cylinder., A slide valve worked by hydraulic 
pressure is alternately placed in communication with the 
pressure water and with the exhaust. The upward stroke 
is accomplished by means of two side rams constantly open 
to the pressure. The plungers of these pumps vary in 
size at the various stations according to the quantity of 
sewage to be disposed of, the largest being 2 feet in diameter 
with a three-foot stroke, the smallest being 1 foot diameter 
with the same length of stroke. The average lift is 16 feet. 
The installation, with the exception of the pressure and 
rising mains, was laid down by the Hydraulic Engineering 
Company, Chester, and so far the results have borne out 
the most sanguine hopes of the Engineers. 

Margate is another instance where sewage is lifted by 
hydraulic power, the automatic pumps used being those 
known as the Latham Davey Hydraulic Pumps. In this 
case special allowance had to be made for the fluctuating 
peculation which, though normally amotmting to 20,000, 
increases to more than three times that number in summer. 

The drainage is on the " separate " system, pxmiping 
being only used when gravitation fails. The sewage, after 
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being raised by the hydraulic pumps, is discharged into a 
high level sewer. The high pressure water for these 
pumps is obtained by means of a pair of Worthington 
direct-acting high pressure engines. The full hydrau- 
lic pressure is 700 lbs. per square inch. The accumulator 
cylinder contains a 4-inch ram jveighted to 6 ions. There 
are three pumping stations at different points, the lifts 
being 19, 28, and 38 feet, respectively. Each pump can 
work twelve strokes per minute, delivering 40 gallons per 
stroke. 

Vacuum System.— The Liemur " Improved " Pneu- 
matic Sewerage System is one which has been introduced 
in several towns on the Continent, and the Syndicate 
working the patent have constructed at their own expense 
an installation at Stanstead in England. 

By this system all the sewage is conveyed through 
iron pipes to a hermetically closed sewage collecting 
chamber, by the creation of a partial vacuum in the latter. 
The term used by the Syndicate for this arrangement to 
convey the drainage of the district is ** Pneumatic Sewer 
Net.'' This ** sewer net," or system of pipes, does not in 
any way deal with the surface water or sullage, but is 
meant to receive and convey only the foecal matter and 
household slops, which are collected, after passing down 
the soil pipes, in a small cast iron siphon tank, hermetically 
closed and placed below them. 

From each siphon tank there is a cast iron branch 
pipe which joins a c£ist iron street sewer placed in the 
road. The town to be sewered is divided into a number 
of districts, each with a population of about 3,000. In 
the centre of each district there is a cast iron underground 
reservoir, which is called a " district reservoir," and to 
which all the cast iron street sewers are connected. 

Every day, by the operation of valves, these ** district 
reservoirs " are put in communication with the street 
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sewers, and under the pressure of the external air, the 
foecal matter in the house tank siphons is carried to the 
** district reservoirs " and thence on to the collectors, and 
finally to a central reservoir placed at the Pumping Station. 

LIERNUR'S SYSTEM. 
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Fig. 4. 

The " district reservoirs " are joined by a series of 
pipes called main collectors and the main collectors are 
linked to the central reservoir at the pumping station, 
situated preferably outside the town, which contains the 
necessary pumps to create a vacuum in the whole of the 
system. It follows that an indispensable condition for the 
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f)it>p(Nr wkMrkisg of the syitem is tiw aboolvtdly auvtight 
condition of the wiiole of the " 89w«r iMtwork/' tke ittotive 
power bmng atmospheric prMsure. l^en it said to be 
no communication with tiw external air except through tht 

soil pipes, which are supposed to act only as air inlets ; but 
considering that each house is only put in connection with 
the vacuum for a few minutes each day, it is clear that the 
soil pipes must act as air outlets for the major part of the 
24 hours. An advantage claimed in thid system is that 
pipes may follow the contour of the ground, no fall being 
necessary. Fig. 4 shews the general arrangement of a 
" district reservoir." The sewage of the whole town is said 
to be thus driven in a few hours — ^tHe working of each 
" district reservoir " requiring only from 12 to 16 minutes — 
into the central reservoir at the pumping station, at which 
place it can be either dealt with biologically or the liquid 
evaporated £«id finally dried as Poudrette. 

In September, 1903, the Author visited Stanstead in 
order to see the Liemur System at work. 

Stanstead is a small town in Essex and the system 
has been installed there for two years, but it is only 
recently that the Local Government Board finally passed 
the system as satisfactory and allowed it to be taken over 
by the local authorities. 

It is calculated that 10 gallons of sewage per head 
per day find its way into the Liemur system pipes, and 
this sewage after journeying to the storage tanks alongside 
the Pumping Station is pumped into a gravitating sewer 
which discharges on to a Sewage Farm in the higher part 
of the Town. One mile of 4-inch and 6-inch cast iron 
pipe sewers has been laid in connection with the system. 
Each house is connected to the sewers by means of an air- 
tight cast iron housefall or siphon box, which acts also as 
an inspection chamber and, when full, holds about 30 
gallons. All siphon boxes are connected to 4-inch branch 
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pipes slid 4U iMraiich pipes to a jmction reserroir, 6 feet 
by 3 fee4 by 3 feet, joined to it 5-tncfa cast iron main pipe, 
which is directly conttected with the vacunm WBerrdT. 

To actuate the system, a vacuum pump is worked until 
the gauge of the vacuum reservoir registers 16 inches. 
Having obtained a suficient vacuum in the vacuum reser- 
voir, further arrangements are simple. A tap is opened at 
a junction of the 4*inch and B-inch cast iron pipes and 
all the contents of the siphon box on that branch pipe are 
drawn into ibe junction reservoir and from there to the 6- 
inch pipe, which carries them to the vacuum reservoir at 
the Pumping Station, This takes but a short time, for, 
the velocity of the sewage in the pipes is said to equal 10 
feet per second. This having been done at all the juno* 
tions, the vacuum is shut off, and the contents of the 
reservoir are allowed to flow by gravitation into an under- 
ground storage tank, from which they are pumped to the 
sewage farm. The whole operation lasts about 30 minutes. 

There are no ventilatfaig shafts at Stanstead and the 
foul air drawn through the pipes is dissipated through a 
shaft at the pumping station. 

The installation has cost £2 per head of population, 
but is reputed to be adequate to deal with three times the 
present population. 

All the sewage from water closets and kitchens is 
disposed of in the system. 

The pumping station is situated at the lowest part of 
the town and consists of the following machinery: one 8 
horse power gas engine; one f horse power vacuum pump; 
one vacuum reservoir, having a capacity of 3,000 gallons; 
and one pump for lifting sewage to the high level sewer 
from the storage tank. 

la October, 1903, the Author visited Trouville-sur-Mer 
to inspect the Liemur System there. Trouville lies at the 
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mouth of the river Seine. Its normal population is 7,000, 
but during the three months of the summer season it 
increases to between 30,000 and 40,000. 

Of the 1,800 houses in Trouville about 900 have been 
connected to the sewerage system. 

The cost of the whole work haa amounted to £12,000, 
including sewers, siphon boxes, reservoirs, outfall works, 
and engines, and the annual working expenses are reported 
to amount to only £200. 

This system is on a larger scale than Stanstead, and 
the Pumping Station contains machinery for working a 
30 horse power vacuum pump. Alongside the engines are 
two steel cylinders, each 10 meters (32' 10") long by 2 
meters (6' 7") diameter. These cylinders are placed one 
over the other, the lower being below the level of the engine 
room floor and the second above it. The upper cylinder is 
the exhaust and the lower, which is connected with it, 
receives the sewage. Connected with the sewage cylinder 
is an 8-inch centrifugal pump for raising the sewage into 
a covered reservoir outside the engine house: the reservoir 
has a capacity of 3,300 gallons. After settling, the sewage 
is allowed to flow off by gravitation into the adjoining 
river. 

Trouville is divided into nine sewerage districts and at 
the lowest point of each district is placed a district reser- 
voir. Each of these reservoirs is in communication with 
the pumping station by means of a 4-inch cast iron vacuum 
pipe and also by means of an 8-inch or 10-inch cast iron 
collecting sewer. These pipes run parallel to each other 
in the street. The house branches are all 4 inches in 
diameter. The siphon boxes are of the same pattern as 
those at Stanstead and hold about 20 gallons when full. 
To work the system, the va<5uum at the pumping station is 
raised in the exhaust chamber to 16 inches, and the sewage 
then flows in from the collecting sewers and fills the sewage 
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cylinder, A cock is now opened at eacfi district reservoir, 
placing all the siphon boxes and branch pipes under 
vacuum, which causes the sewage from every siphon box 
to rush in with great velocity. This procedure takes place 
at all the district reservoirs, the sewage passing in each 
case from the siphon box into the collecting sewer and from 
the collecting sewer into the sewage cylinder at the pumping 
station. The velocity in the collecting sewers is said to 
be equal to 6 feet per second. The district reservoirs are 
emptied as often as necessity requires. 

One of the objects of the Author in visiting Trouville 
was to experiment with the system and ascertain whether 
solid matter could be drawn without difficulty through the 
pipes; for the Corporation of Bombay were desirous of 
knowing whether the system could be utilized in Bombay 
for the removal of foeces which is now removed for the most 
part by hand carriage. 

The Trouville authorities, at the request of Mr. Liernur, 
were good enough to lay down a length of 4-inch pipe m 
the compound of the pumping station for this experiment. 
The 4-inch pipe was laid at almost a dead level but not in 
a straight line and was 300 feet in length. Three inlets 
were provided to represent siphon boxes. At one end a 
retaining box, 24 inches by 20 inches by 12 inches, being 
in reality a housefall box in ordinary use in Trouville, 
was placed with a grating across it to prevent the solid 
matter passing out of the box. The retaining box was 
made air-tight and connected to the 4-inch vacuum pipe 
used in connection with the Trouville sewerage system. 
The following materials were mixed together: — 18 J-inch 
road metal cubes, 36 sticks, 4 to 5 inches long, 24 pieces 
of cloth, 24 lbs. of grass and stable litter. These were 
moistened with water, mixed, and the whole placed in the 
inlet branches of the pipe, which were then rendered as air- 
tight as possible. 
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At tb€l fu!rtlier end of the 4-iDch pipe two automatic 
flushing tanks, one holding 16 gallons and the other M 
gallons, were plaeed. These tanks automatically emptied 
tiieihseives each time the vacuum was i^lied. A gauge 
was placed at the receiving tank to register the vacuum in 
the 4-inch pipe. The hi^ieet amount registered 6n that 
gauge was 4 inches. Thift smiall result was probably due 
to the fact that the pipes and the inlets were not completely 
•i(r4igbt. On the auction being applied for about 6 minutes 
the receiving box was found to ecmtain 7 pieces of road 
metal, 20 rags, 26 pieces of stick, all mixed with grass and 
stable litter. On the vacuum being again applied most of 
the remaining material passed out. This was considered 
very successful and proved that the system was capable of 
drawing through pipes any ordinary solid matter likely to 
be met with in sewage. The velocity of the metal brought 
forward in the pipe was very great and must have been at 
one time nearly 10 feet per second. 

Trouville is a much better example of the Liemur 
System than Stanstead* It is on a larger scale and has 
been worked with considerable success for a number of 
years, and the authorities are loud in praise of it. The 
Author was favourably impressed with the simple and 
efficient manner in which the sewage was removed. The 
cost of the construction and the annual charges for main* 
tenance as given are exceedingly small for a sectional 
system of sewerage. 

Electrical Syitem. — ^The adoption of electricity as 
a motive power for lifting sewage is of comparatively recent 
date, and only a few such installations are as yet at work. 

In towns, which have electric tramways and electric 
U^t and (lOftsess any surplus powers it might be boih desir- 
able, and economical to make use of this power for lifting 
sewage, if such lifting be necessary. 
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Eleetiicity can, m is well knawn, be tranraiittod great 
distances at little coat beyonil the initial outlay upom the 
eaUes, so that in other plaoes where snfKeieet water power 
can be obtained all the year round at a convmient distance 
from the point where the sewage is to be lifted, it may be 
eooiiomical to install turbines and electric generators at the 
scmroe of power and electric motors coupled to pumps at 
the pumping station. 

One of the earliest electric sewage pumping installa- 
tions was laid down at Coombs, near 8towmarket in Suffolk, 
England, by Messrs. John Taylor Sons and Santo Crimp. 

The drainage of Cocmbs, which is cmly a small village, 
was undertaken in conjuncticm with that of Stowmarket 
and Stow Upland, the sewage from both places being dis- 
posed of on a sewage farm. This farm being on a higher 
level than the village of Coombs, it became necessary to 
provide a small pumping installation for lifting purposes, 
which would entail the minimum amount of annual expen- 
diture for upkeep and attendance. 

An electric installation having been provided at Stow- 
market for the lighting of that town, it was decided that 
no better arrangement could be adopted than to utilise the 
surplus power there generated. The following is a brief 
description of the arrangement of pumps and motors: — 

The machinery is in dujdicate, each set comprising 
a 3-lhrow pump driven by an elector motor through 
worm gearing running on ball bearings. The bear- 
ings of the motor are lubricated automatically, the 
worm and wheel running in an oil bath, so that no 
att^ijition should be required other than to start the 
motors and stop them, when necessary. But even 
this labour has been dispensed with by the use of 
automatic switches, operated by floats controlled by 
the level of the sewage in the sump adjoining the 
pumping station. These switches can be adjusted ao 
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as to start eifher pump in advance of the other, and 
a convenient arrangement is to allow one pump to deal 
with the ordinary flow of sewage, the second pump 
remaining in reserve and only starting in the event of 
the first being unable to cope with any increased flow 
of sewage. As either pump can be made to start first, 
they can be worked alternately week by week, or month 
by month, as desired, so that both sets of machinery 
are kept in good working order and do an equal amount 
of work. In a pumping installation, which derives 
its power from an electric light plant, the current must 
be so drawn off as to cause no great fluctuation likely 
to appreciably affect the electric lights burning on the 
circuit; and for this purpose on the Coombs installa- 
tion an arrangement consisting of a dash-pot with a 
multiple contact automatic switch has been used, by 
which the starting current is gradually turned on, the 
movement occupying a period of from 5 to 10 seconds. 

The absence of steam, gas, or oil engines in a pumping 
installation of this description enables the station to be kept 
scrupulously clean. The plant has now been working for 
nearly two years and has given considerable satisfaction. 

The same firm has recently, at Shrewsbury, erected in 
St. Mary's Water Tower an automatic electrically driven 
pumping machinery. The electric motors are 7 H.P. and 
are coupled direct to two sets of 3-throw pumps with 
6J-inch diameter plungers and 9-inch stroke. They are 
driven from the Corporation current through electric motors 
and worm gearing. After a careful test, extending over 
several weeks, it was ascertained that with 2,664,200 gallons 
of water lifted to am average height of 75 feet, by 1,803 units 
of electricity, the eflSciency was 41 -82 per eent. This prob- 
ably represents a fair efficiency for electric pumping. With 
a smaller lift it is probable that the efficiency would be 
slightly higher. It may be confidently asserted that the 
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efficiency of an electrically driven pump will vary between 
40 and 60 per cent. 

At Cardiff also, an electrical plant for pumping the 
sewage has been erected by the City Engineer, Mr. W. 
Harper, the power being drawn, as at Coombs, from an 
Electric Light Installation. 

The motors and pumps are placed in a small chamber 
beneath the roadway, and the motors are directly connected 
with 3-inch centrifugal pumps with vertical spindles: 
special bearings are fitted to the motors, so that the spindles 
run in a bath of oil and the thrust is taken by adjustable 
ball bearings. 

The speed of the motors is about 1,300 revolutions per 
minute, and they are series wound and work on a 500-volt 
circuit. 

The installation has given great satisfaction, and is 
economical and clean in working. 

In Bedford, a town of considerable proportions, the 
Coiporation some years ago made use of their surplus 
electric power to pump a portion of their sewage. 26 H.P. 
electric motors in duplicate were provided for driving a 
7-inch centrifugal pump, also in duplicate. The electricity 
is generated at works situated about a mile from the sewage 
pumping station. The cost per unit was reduced until it 
arrived at three half-pence. But even at this rate the 
cost was calculated to exceed by ,£400 per annum the cost 
of a steam-driven system. Moreover, no economy in staff 
was possible, the same number of men being required as 
when steam was used. The Corporation therefore decided to 
abandon electric motors and revert to steam driven pumps. 

In selecting for any particular town any one of the 
systems described in this chapter, it must be remembered 
that financial considerations, though very important in a 
sewerage scheme, should take only a second place, the firs* 

3 
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desideratum being the efficient removal of the sewage. Of 
the various systems above described, the simplest and the 
least expensive is undoubtedly the " gravitation " system. 
Here the sewage flows to the outfall through conduits laid 
at gradients, which should be self-cleansing. This is the 
ideal system which every Sanitary Engineer desires to 
obtain, but unfortunately in most towns of any size it is 
impossible and some kind of pumping has to be resorted to. 

It is not necessary in all cases to have recourse to 
sectional pumping. In many schemes the sewage of a 
town can be gravitated to a single point and there lifted in 
one lift. This is often the most economical system next 
to that of simple gravitation. 

In dealing with the various systems of sectional pump- 
ing, it is very difficult to say that either one or the other 
stands first in any marked degree. Circumstances vary 
so much in many places, and where in one position the 
Shone Hydro-Pneumatic System of drainage may be the 
most economical, a hydraulic system may be the most 
expensive, and vice versa. Generally speaking, there is 
no doubt that the first cost of Shone's Hydro-Pneumatic 
System, as well as the expense of working it, is cheaper than 
that of any hydraulic system. Lighter and smaller pipes 
and much less pressure are needed to work this system. 
The cost of water is greater than that of air, and although 
the water used in the hydraulic system is also used to flush 
the sewers, it takes up space in them, and allowance must 
be made for it. The Author has had considerable expe- 
rience of the Shone System of Drainage and, excepting the 
few disadvantages mentioned earlier, it has always given 
satisfaction. 

Since the paragraph on paije 37 of Oriental Drainage 
was written regarding the Liernur System, the Author, 
as mentioned on pages 26 to 30, has had the advantage 
of seeing it at work in two places, viz.^ Stanstead and 
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Trouville, and has modified his opinion of it so greatly that 
he has recommended the Corporation of Bombay to erect a 
small installation in the City for the removal of the night- 
soil of a small district to a central depot, where it can be 
discharged by gravitation into a main sewer. The neces- 
sity for hand-carriage will thus be obviated. 

Experiment, as above stated, has proved that the belief, 
chat the Liernnr System does not deal with all matters 
which usually find their way into a sewerage system, is 
erroneous. 

The system has been installed in eleven towns and 
cities on the Continent and in the British Isles, and many 
other installations are under consideration. The largest 
installation is that of Amsterdam, where 200,000 people are 
served. 

As regards the cost, so far as figures have been seen 
by the Author, they compare very favourably 'vyith those 
of any other sectional system : and he has good grounds for 
holding that the system can be applied with special advan- 
tage to towns and cities in the East, where the water supply 
is so limited as to be hardly sufiBlcient for an ordinary water 
carriage system. 
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CHAPTER n. 



SEWERS AND THEIR CONSTRUCTION. 

The materials other than metals, such as iron and 
steel, used in the construction of sewerage works are 
cement, lime, sand, mortar, concrete, bricks, stone, and 
pipes. 

Cement. — The best known natural cement is Roman 
cement, which is made from a stone found in the form of 
nodules in the Island of Sheppey and elsewhere in the geolo- 
gical formation, known as '* London Clay." This cement 
was first discovered by a Mr. Parker in the year 1796, and 
usually contains 56 parts of lime, 38 of clay, and 7 of 
iron. In Russia, America, India, and elsewhere, similar 
natural cements have been met with, but they are com- 
paratively rare. This rarity necessitated the making of 
an artificial cemciit and we are much indebted to General 
Paisley for one of our best and earliest artificial cements : 
it was he who first proved that an artificial cement equal 
to that obtained from natural sources could be prepared: 
and he composed it of a mixture of chalk and blue alluvial 
clay, the proportion being four parts by weight of chalk 
and 5 -5 parts' of clay. 

The principal cement used in sanitary works is that 
known as Portland cement. Portland cement is so named 
simply because of its similarity in colour to Portland stone, 
but it has no connection with it in any other way. It is 
usually manufactured on the banks of the Thames and 
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the Medway, from a mixture of chalk and mud obtained 
from the beds of those rivers. Other materials are also 
employed in its manufacture, such as blue lias limestone 
and shale. There are many makers and many brands of 
this class of cement, but in all a mixture of clay and lime 
after calcination — in the proportion of not less than 36 per 
cent, of clay and not more than 61 per cent, of lime — is 
necessary. If there be too large a percentage of clay, the 
cement is very quick-setting, and never attains the strength 
of a more slow-setting composition. A slight excess of 
lime enables the materials to bum at a high temperature, 
thus making a slow-setting and strong cement. In all 
cements, fineness is a great feature, and a good cement 
should pass 90 per cent, of its bulk through a sieve con- 
taining 5,800 meshes per square inch. 

The composition of a thoroughly good Portland cement 
is; — 

Per cent. 
Alumina and Oxide o^ Iron .... 12 

Silica 23 

Lime 61 

Magnesia 1 

Sulphuric Acid 1"B 

Carbonic Acid and moisture .... 1*5 
Portland cement should always be tested before it is 
used, for considerable variations will be met with even in 
the best brand. For sewerage works, only the best quality 
should be used. The most important test for cement is 
that of tensile strength; and for this test small quantities 
should be taken from a number of casks. The samples 
should then be made into briquettes, one square inch in 
section at the centre, and immersed in water after seven 
hours, care being taken that there be no disturbance of the 
water after the briquettes are immersed. The briquettes 
should remain in water for periods varying from 7 to 30 
davs. 
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'L'hose immersed for seven days should stand without 
fracture a tensile strain of at le€ist 3601bs. per square inch ; 
those immersed for fourteen days at least 4601b8. per square 
inch ; while those immersed for a month not less than B80 
lbs. per square inch. 

Another test is the sand test. Briquettes made in the 
proportion of three parts of absolutely clean sharp sand 
and one of cement should be left standing one day in the 
mould and twenty-seven days in water; they should then 
bear not less than 2001bs. of tensile strain per square inch ; 
any less strain would betoken a doubtful cement. Many 
Engineers prefer this test to the former one, as pure cement 
is not extensively used. 

Rapidity of setting may be judged by the use of a 
machine known as Vicat's Needle. A pad of cement 
should not be so set in less than one hour that the needle 
cannot penetrate it. 

The specific gravity of Portland cement, one month 
after manufacture, should not be less than 3 '05. 

Before being used, cement should, as a rule, be cooled 
by spreading it on the floor of a dry room. This also 
allows the free lime which exists in all new cement to 
slake; if this is not done, there is a likelihood of its 
** blowing " after the work has set. 

Only just so much of the cement as is required for im- 
mediate use should be mixed at one time, as once it has 
commenced to harden it cannot be worked up again. The 
amount of water necessary in mixing cement varies with 
different makes, but it should usually be 20 per cent, of the 
volume of dry material. 

Portland cement is the only cement that should be 
used for works that sewage may come in contact with, as 
it is practically unaffected by acids, should such exist 
in the sewage. Cement, said to be similar to Portland 
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cement, is now being made in Madras and Calcutta, but 
the Author has had no experience of it and can therefore 
say nothing as to its quality. 

Sand. — The sand used should be sharp and clean and 
entirely free from loam or any organic matter. The kind 
principally used in Bombay is basaltic sand, washed during 
the monsoon months from neighbouring hills of volcanic 
formation. The use of sea-sand is undesirable with lime — 
at any rate, until thoroughly washed in fresh water — be- 
cause of its liability to sweat in a humid atmosphere, but 
with cement slight salinity makes no difference. 

Lime. — ^Lime may be divided into two classes:— 

(1) (a) Fat or common lime, which gains no consis- 
tency under water, being only pure chalk without 
any adulterants. 

(h) Non-hydraulic lime, which is a combination 
' ot lime and non-soluble mineral matter, such as 
silica and alumina. 

(2) Hydraulic lime, which is obtained from lime- 
stones having a greater or less percentage of 
soluble silica and alumina. 

Fat lime is a rich lime, is found in India, principally 
in Madras, and contains an excessive quantity of carbonate 
of lime. It can be usefully employed in whitewashing, 
plastering, and stucco work, as it takes a good polish. 

Non-hydraulic lime is a lime deficient in soluble silica 
and alumina and requires the addition of pumice to give it 
hydraulic properties. Most of the pumice used in India is 
obtained from Aden and is a volcanic product. 

Probably the best known hydraulic lime in India is 
found in the form of kankar. Kankar is obtained either 
in nodules on or near the surface of the ground or is dug 
up in large lumps from pits in alluvial soil. Kankar is 
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a species of subsoil tufa, formed by the deposition of calca- 
reous matter extracted from beds of sand and clay in 
minute quantities and re-deposited in the form of kankar. 
A good kankar should give the following proportions: — 

Carbonate of lime 112 grs. 

Clay 9 „ 

Sand 29 „ 



Total 150 grs. 



An easy test for determining the quality of kankar 
is to pound 150 grains, so that it will pass through 
a fine sieve. Add sufficient hydrochloric acid until efferve- 
scence ceases and filter carefully through blotting paper. 
That which remains is clay or sand, or both. The differ- 
ence between this weight and the 150 grains represents the 
carbonate of lime dissolved by the hydrochloric acid. The 
remainder should be now washed by decantation so as to 
get rid of the lighter particles of clay until the sand is left, 
which should be dried and weighed. The difference gives 
the proportion of clay and sand. 

In purchasing lime, it should be remembered that the 
addition of 10 per cent, of water will give a 30 per cent, 
increase in measurement — a fact which should not be over- 
looked in taking Qver lime for works. 

Mortar. — ^The proportions of sand and cement are 
usually from two or three of sand to one of cement, 
measured dry. Cement mortar for jointing pipes should 
be in the proportion of one part of cement to one part of 
sand. Such cement and sand should be mixed dry before 
water is added, and care should be taken that water in 
excess is not used. Sand should be screened and only the 
finer portion used in cement mortar. Cement mortar 
should never be ground. 
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In lime mortar, the best proportion for Indian lime of 
good quality is two parts (by measure, dry) of lime and 
three of sand. For hydraulic works and foundations, 
equal parts of lime and sand should be used; and in the 
case of lime being non-hydraulic, the mixture for mortar 
should be one part lime, one part surki, and one part sand 
(surki being bricks pounded very finely). As a rule, 
kankar should not have surki mixed with it: such a mix- 
ture gives a weakened mortar. It is not easy to lay down 
a hard and fast line for the properties of lime mortar : 
every Engineer should make experiments for himself with 
the lime of his district. The ingredients for mortar should 
be well mixed, the lime being previously screened to remove 
extraneous unburnt matter, and then wetted and ground in 
a mill, ghanni, or mixing machine; in the case of a 
single ghanni being used, it should usually be subjected to 
at least 160 full rounds of the ghanni stone, or as many 
rounds as experience may show to be necessary. A ghanni 
is a simple form of mill and consists of a circular channel, 
usually 30 feet in diameter, 1 foot 4 inches wide, and about 
1 foot deep, lined at the bottom and sides with flag stones 
set dry. In the centre is a short vertical post, round which 
revolves a horizontal bar, to the outer end of which a bul- 
lock is yoked. A grinding stone, some 2 feet 6 inches in 
diameter and 1 foot in thickness, is attached to the bar 
and is worked round in the channel by the bullock. A 
ghanni may have two grinding stones attached to two 
horizontal bars in directly opposite directions from the 
central post. 

Hydraulic lime mortar should be mixed four parts (by 
measure, dry) of lime and four of sand, and wetted and 
ground in a ghanni in the same way as common mortar. 

Concrete. — ^The ingredients for concrete are ballast 
or gravel, sand, and a cementing material, either Portland 
cement or lime. When good sharp river ballast can be 
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obtained, it will frequently be found to contain suflBcient 
sand mixed with the stones to be ready for use; but as this 
is not always obtainable, broken stones or shingle have 
to be utilized and sand added to the whole and well mixed. 
Finer particles of stone are better than sand, if they can 
l)e obtained in a suflBcient quantity. For cement concrete, 
a good proportion to adopt is, for the matrix, two parts 
broken stone, two parts shingle, and two parts sand. The 
materials can be mixed together and the volume ascertained 
and tlien an amount of cement added, which will bring the 
volume of matrix to cement 4 to 1, 6 to 1, 6 to 1, and so on, 
according to strength and quality of concrete required. 
6 to 1 will make a good quality concrete for ordinary pur- 
poses. Cement concrete is much stronger by having stones 
in it of various sizes from the maximum downwards. The 
concrete should be mixed on a stage constructed of planks 
or boards, the materials forming the aggregate being, if 
necessary, previously washed. The whole mass should be 
turned over at least twice dry and three times after 
wetting, so as to become thoroughly intermixed. Water 
should not be splashed on from a bucket but carefully 
added from a large watering pot or hose fitted with a big 
rose, as this will facilitate the whole mass being equally 
wetted. In England it is becoming very general, where 
large masses of concrete are required, to perform the mixing 
in a concrete mixer. This consists of a revolving drum 
provided with a large manhole door. To fill the mixer, 
the drum is revolved until the manhole door is on the top 
of the drum. A definite volume of matrix is then put in, 
together with an ascertained quantity of water and then 
the proper proportion of cement is added. The manhole 
cover is then clipped on and the drum revolved. Tlio 
manhole is finally opened when at the bottom and the 
concrete automatically discharges into carts or trucks. By 
these means absolute control is obtained over the process, 
and it has been found that an equally strong concrete can 
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be produced with a smaller proportion of cement than by 
hand mixing. In putting concrete in position, Engineers 
differ considerably as to the best thickness for each layer 
and the amount of consolidation, but the Author has found 
that in India, for ordinary purposes, if the concrete is depos- 
ited in layers of one foot and rammed or punned until the 
cement just begins to form a cream' on the surface, it sets 
in a perfectly solid homogeneous mass. If the concrete, 
however, is to bear a heavy weight, a less thickness of 
layers is desirable. The surface of one layer should be 
thoroughly well wetted and set before adding a second layer, 
and if any considerable period has elapsed since the first 
was put down, it should be picked over to ensure a good 
joint. There is probably no work which requires such 
careful supervision as the mixing and putting in position 
of concrete. The materials must be thoroughly clean, and 
when the correctly measured amount of cement has been 
added, the mass must be thoroughly well turned over and 
the proper portion of water added ; and finally, the concrete 
must be suflBciently, but not excessively, rammed when in 
position. All this can only be ensured by careful and 
constant supervision. It should be noted that 125 cubic 
feet of dry materials will form 100 cubic feet of concrete 
solid. 

A rough and ready method of gauging the best pro- 
portions of broken stone and sand for good concrete, and 
one which can be adopted by any one without difficulty, is 
as follows: — 

An ordinary bucket should be filled with broken stone, 
level with the top, and as much water poured in as the 
bucket will hold: this quantity of water represents the 
whole of the space between the interstices in the stones, and 
when poured off and measured will give the proper portion 
of sand to be added: the sand can then be added 
and the bucket refilled in the same way, and the water 
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again occupying the interstices will represent the mini- 
mum amount of cement to be used. In actual prac- 
tice, it is advisable to keep the quantity of cement somewhat 
in excess of the amount gauged by this method, so as to 
ensure every particle of the aggregate being thoroughly 
cemented together. This method should be employed only 
so far as the stone an& sand are concerned, as the former 
varies in size in different localities, and even if broken by 
hand is not always uniform. The proportion of cement 
should be fixed in accordance with the nature of the work 
and quality of concrete required. The quantity as ascer- 
tained by the method described, however, should under no 
circumstances be reduced, as the concrete will not otherwise 
be uniform or properly cemented together. 

Stone for concrete should be broken to a size not larger 
than would pass through a 2-inch ring. 

Common lime concrete should be made of one part 
of lime mortar and two parts of broken stone. 

Hydraulic lime concrete should be made of three 
parts of mortar, four parts of shingle, and four parts of 
broken stone. 

When concrete is being laid in such a position that 
it is to be more than two feet in thickness, it is admissible 
to allow rubble stones not exceeding one-half a cubic foot 
in size to be inserted in the concrete; but in such cases 
no stone should be laid nearer than nine inches from any 
other in any direction, nor nearer than nine inches from 
the surface. 

Bricks. — Bricks are made of tempered clay, formed 
in moulds to the requisite size and shape and then burnt 
in a kiln. The outsides of bricks made of clay deposited 
with salt show dampness in humid atmosphere and require 
to be painted. All bricks for sanitary purposes should 
be made of the best quality procurable and of uniform 
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colour with a hard impervious surface. A simple test for 
hardness is that a finger nail should not be able to make 
a scratch or mark on the surface. The principal test for 
bricks is that of absorption, and Engineers generally lay 
down that a brick of good quality should not absorb more 
than 10 per cent, of its dry weight after 24 hours' immersion 
in water. Another test known as the crushing tost is that 
a brick should resist the weight of 600 lbs. per square inch. 
All bricks should ring well when struck, Be table-moulded, 
sound, hard, regular, well burnt and with straight sharp 
arrises, and should not vary from the standard size. 

Stone. — Building stone is classed under three heads, 
namely, siliceous, argillaceous, and calcareous. 

Stone is rarely used in sewerage works and the Sani- 
tary Engineer may have little occasion to deal with this 
material, except for pumping stations and other buildings; 
but if it be found requisite, care must be taken that none 
with vents or flaws or traversed with seams or of perishable 
material should be used. 

The principal kinds used in Bombay are basaltic trap 
or blue stone, Kurla yellow trap, both being siliceous stone, 
and a light coloured, building, calcareous stone known as 
Porbunder stone. Any of these are suitable for building, 
but basaltic trap is the best. The absorption of basaltic 
trap is very small, being 0*30 per cent, of its dry weight, 
while that of Kurla yellow trap is as much as 4 per cent. 

Pipes. — It is not more than sixty years since earthen- 
ware glazed pipes were first used for sewers in the British 
Isles, but during that period their manufacture has be- 
come one of the great industries of the country. 

Earthenware pipes consist of two kinds, stoneware 
and fire clay. 

Fire clay pipes, though less brittle than stoneware 
pipes, are not considered, thickness for thickness, as strong 
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i)r as durable as the latter. They also usually possess 
great absorptive power, which is fatal to their use. Stone* 
ware is therefore generally specified by Engineers for 
sewerage works. 

Stoneware pipes of a greater diameter than 18 inches 
are rarely used, as well-shaped pipes exceeding this size are 
diflScult to construct and are consequently expensive. 

The thickness of stoneware pipes should be at least 
l/12th of their diameter, and practice shews that the 
following are reliable proportions of thickness of material 
to diameter: — 

Internal Diameter : 3 4 6 y 12 15 18 inches. 
Thickness of material : | i | J 1 li li inches. 

The depth of the socket should not be less than IJ 
inches for all pipes under 9 inches in diameter, 2 inches for 
9-inch and 12-inch pipes, and 2J inches for all sizes 
over 12 inches. The internal diameter of the socket should 
be suiBciently large to allow a joint of J inch all round 
the outside of the pipe intended to enter it, so that a caulk- 
ing of tarred gasket may be inserted. 

The qualifications of a good stoneware pipe are that 
it should be perfectly straight, truly cylindrical, thoroughly 
salt-glazed and burnt, and free from cracks, flaws, and 
defects of every description. Every pipe should be finished 
with a perfectly smooth interior. 

The only test, short of chemical analysis, for a stone- 
ware pipe as opposed to a fire clay one, is that of absorption. 
A piece of good stoneware pipe should absorb less than 2 
per cent, of its own dry weight after 48 hours' immersion 
in water, while a fire clay pipe will absorb from 3 to 6 per 
cent, of its weight. Such a pipe, sooner or later, must fail 
.on account of the action of sewage on the clay. 

The impermeability of a pipe may be taken as evidence 
of its durability and fitness for sewerage works. Tlie 
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more impervious a pipe is, the better will it prevent the 
entrance into its interstices of those agents which are likely 
to exercise a destructive influence upon it ; for the chemical 
action of certain materials found in sewage will sooner or 
later destroy the pipe. 

As pipes made of clay containing lime are found to 
fail when laid in wet ground, it is desirable to test the 
material of which the pipe is made. For this purpose the 
following method will be found satisfactory. Pulverize 
a small piece of the pipe, weigh and boil in hydrochloric 
acid; subsequently wash on a filter and dry, noting any 
loss in weight. If there is no loss in weight, then the 
material may be considered free from lime. 

The other tests for a stoneware pipe aim at ascer- 
taining its impermeability and its resistance to bursting 
and breaking pressures. Such pipes are specified in 
different ways by different Engineers. 

The tests which the Author usually lays down are: — 

(1) That a piece about 2 inches square from any part 
of the pipe shall not absorb, after 48 hours' immersion 
in water, more than 2 per cent, of its own dry weight 
of water. 

(2) That the pipe shall be capable of resisting a 
bursting pressure of 30 lbs. per square inch. 

(3) That the breaking weight of the pipe shall not be 
less than 1,700 lbs., applied by means of a lever or 
otherwise to the centre of a flat board of hard wood, 
of the same length as the pipe, laid along the top of the 
pipe throughout its length exclusive of the socket. 
The pipe, when subjected to this test, should be sup- 
ported on a similar flat board underneath, the socket 
overhanging, and a layer of felt being laid between 
the pipe and the boards. 
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The salt-glazing of a pipe is a very important feature 
in its manufacture, for it permeates the whole of the 
material. Other forms of glazing often merely hide the 
defects of a worthless material; and some pipes, though 
apparently of good quality, by reason of their shape, colour, 
and glaze, and which also ring well, are of the worst 
possible material. 

In England, pipes varying from 18 to 36 inches in dia- 
meter are often made of cement. Such pipes are now 
largely specified and used by leading Sanitary Engineers 
for sewerage works and they continue to grow in favour. 
It is desirable in the case of cement pipes to surround them 
with concrete, a minimum thickness of 4 inches being 
usually sufficient. Cement pipes have an advantage in 
that they can be made absolutely circular and straight. 
The best English Portland cement should be used in their 
manufacture, and that only after careful and stringent 
tests. In a cement pipe there is no projecting socket, the 
joint being contained in the thickness of the pipe itself; 
it is usually made with a wipe of cement. 

A disadvantage of cement pipes is that junction pipes 
are difficult to construct, while to make a junction between 
a house connection pipe and a cement sewer by merely 
cutting a hole in the latter, is a crude and unsatisfactory 
piece of work. The socket also as at present made is shal- 
low, and if the pipes are not very carefully laid, the joints 
are liable to separate through pressure of the earth. 

An interesting failure of cement pipes has recently 
been brought to notice in Madras. Previous to 1902, the 
Madras Municipality used only stoneware pipes in their 
sewerage system; but early in that year they decided, 
on the score of economy, to use locally-made cement pipes 
up to 9 inches in diameter. Some five years later, these 
cement pipes were discovered to be in a very curious con- 
dition: that portion of the pipes which was generally 
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covered by sewage seemed to have stood satisfactorily, but 
the part exposed to sewer gas had corroded to the extent of 
collapse. Lieutenant-Colonel J. VanGuyzel, I.M.S., Che- 
mical Examiner to Government, to whom the matter was 
referred, gives the following percentages of the corroded 
parts of the pipe: — 

Silica 46-7 

Calcium Sulphate 43-06 

Uncombined Lime 0*38 

AlkaMes and Sulphur 0*39 

Moisture 9*46 

The corroded parts were occupied by a soft and easily 
removable substance which gave the above analysis. 

Lieutenant-Colonel VanGuyzeFs explanation is as 
follows: — 

** The calcium silicate i^one of the important ingre- 
** dients of cement. When the sulphuretted hydrogen which 
" is present in the sewage comes in contact with the portion 
" of the cement pipe which is not covered by the sewage, it 
" decomposes the calcium silicate and forms calcium sul- 
" phide and free silica. The calcium sulphide again in 
** the presence of moisture gets converted into calcium 
" sulphate and in the process deposits a small quantity of 
" free sulphur. This reaction accounts for the presence of 
** the soft substance, the chemical composition of which I 
** have already given." 

The above explanation is very clear and is doubtless 
correct. 

There is very little difference in the composition of 
good Portland cement and that of cement made in Madras 
as given by the published analysis. 

The excess of free silica found by Colonel J. VanGuyzel 
is possibly due to added sand in the construction of the 
pipes. 

Cement pipes in other parts of the world, however, 
have given great satisfaction and after many years use 
have been found in perfect condition. 

4 
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The silicated stone pipe is another form of pipe, but 
it requires great care in manufacture, is expensive, and so 
far is not in very general favour among Sanitary Engi- 
neers. 

Cast iron, though probably the best class of conduit 
for sewage, is too expensive for the purpose, except under 
special circumstances. 

Patent Joint Pipes. — ^There are many patent joint- 
ed stoneware pipes in the market which, under certain con- 
ditions, serve a very useful purpose ; but tHey are naturally 
much more expensive than ordinary stoneware pipes. The 
following is a description of a few of these: — 

The Stanford Joint, as shewn in Fig. 5, is similar 
in construction to the turned spigot and faucet joints of 

IMPROVED STANFORD JOINT. 



Fig. 5. 



cast iron pipes, being formed of turned rings of a durable 
material generally consisting of a composition of sulphur, 
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tar, and ground earthenware. These rings, which are 
spherically shaped, exactly fit into each other, being coun- 
terparts; and, in order to allow of some play, the sockets 
are slightly concave and the spigots slightly convex. '.Hie 
complet-e joint is made by grooving the rings, and it is 
claimed that a perfect joint is made thereby. 

Doulton & Co. have a patent self-adjusting pipe 
(Fig. 6.). for which it is claimed that no cement is required 
for jointing purposes, the grooves being merely greased or 
tarred. 

SECTION OF 8ELF.ADJU8TINQ JOINT. 



Fig. 6. 

The pattern shewn in Fig. 7 is another joint 
manufactured by Messrs. Doulton & Co. for those who 
prefer to have a more steady joint. 

8EOTION OF COMPOSITE JOINTS 



Fig. 7. 
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The Hassall Improved Patent Safety Joint; 

shewn in Fig. 8, is a joint largely used. The rings are 
cast on with the idea of centering the pipes and retaining 
them in position while the operation of tilling with Portland 

HASSALL'S PATENT JOINT. 



8EOTION. 

Fjg. 8. 

cement is being efifected. Plastic is applied to the end of 
the spigot and between the surfaces of the bituminous rings, 
so as to have a cushion to embed them and render harmless 
any grit that may have got there and to prevent the cement 
from * running into the pipe. The groove is filled with 
Portland cement. This, is a good joint and has success- 
fully stood the test of several years. Many pipe-makers 
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SVKrS PATENT JOIMTa 



.' OOINTINC MATfTRiAL 



BEFORE JOINTINa 



AFTER JOINTINa 



Fi^ 9. 
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in England hold a license to manufacture pipes on this 
principle. 

Fig. 9 is a drawing of Syke's Patent Joints. On the 
spigot and the socket of each pipe are formed, in bituminous 
composition, a male and a female screw, in such a manner 
as to give a little play in adjusting the joint, so as to secure 
flexibility without interfering with the proper level of the 
pipe when laid. The spigot is also provided with a strong 
collar or ring, against which, when jointing the pipes, a 
fillet of cement composition is placed, which is compressed 
/between the end of the socket and the rim by the act of 
screwing the pipes together. The pressure forces the super- 
fluous cement composition into the space left for play in the 
thread. It is claimed that these joints have stood an 
hydraulic test of 140 lbs. per square inch without leaking. 
The pipes are made by the Albion Clay Company. 



F>«. 10. 
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One of the most recent patent joints adopted for stone- 
ware drain pipes has been introduced by Mr. John Parker 
and is known as Parker's Safety Pipe Joint (Fig. 10). 
This joint has only one composition ring instead of two, as 
is common to most patent joints, thus reducing the cost. 
The method of jointing is as follows: — The collar has a 
cushion of tempered clay which receives and embeds the 
composition ring on the spigot end, making it water-tight 
while the cement is poured into the annular groove. The 
band of tempered clay round the mouth of the socket after 
the pipes are in position, prevents the Portland cement 
from escaping outwards. 

The Sutton Patent Joint (Fig. 11) is in many 
ways similar to the Hassall, but it is said to be a slight 
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Fig. 11. 



improvement on it. In this joint also plastic is used, but 
the liquid cement is pumped in through one of the two 
openings in the socket of the pipe by means of a simple 
and cheap hand-pump, until it appears through the other 
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opening, when the joint may be considered to be success- 
fully made. 

Pipes with the last described joint have been used with 
success in Bombay in positions where, owing to running 
water in the trenches, it would have been impossible to make 
the ordinary cement joint with safety. Pipe layers in 
India are very conservative and have a strong objection 
to these patent joints, but after a little practice they are 
able to make two joints with patent pipes in the time they 
would require to complete one ordinary joint. 

Wherever trenches are water-logged and cannot be 
kept free of water, an Engineer does wisely to spend the 
extra money in using good special joint pipes, being thus 
assured of good water-tight joints and running no risk of 
permanently leaky joints. 

In Eastern countries, wiiero the Banyan tree (Ficus 
Indica) is largely grown for its shade along road sides and 
streets, much trouble is avoided by the use of patent jointed 
pipes, for the roots of the Banyan cannot be prevented by 
ordinary cement-joints alone from piercing the pipes in their 
search for water. The mixture of tar and cement, which is 
sometimes used for jointing sewers in streets where Banyan 
trees flourish, has only been partially successful in Bom- 
bay ; but no Banyan root can find its way through a patent 
joint pipe, such as Hassall's or Sutton's. 

It is difficult to say which of the patent joint pipes 
above described is the best. Thpse in which cement is 
used in combination with bituminous composition are supe- 
rior to those used with bituminous composition only, and 
of them all the Author favours the Hassall, the Sutton, or 
the Parker, the Sutton and the Parker being the simplest 
and the most easily workable by pipe layers in the East. 

Sewers. — A. drainage system and its sewage outfall 
having been decided on, it is necessary, in order that the 
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capacity of the sewers may be determined, to ascertain th« 
head of its water supply. 

The method usually adopted for calculating the future 
population of any area is to ascertain what the past rate 
of increase or decrease has been for a cycle of years and 
then to make the same, or in some cases — according to local 
circumstances — a greater or less allowance for the probable 
increase or decrease in the future. The recent census, 
which has been taken all over India and which is admit- 
tedly the most complete yet made, lightens this task for the 
Indian Sanitary Engineer, and makes the work of calculat- 
ing the present and prospective population a comparatively 
easy one. 

Population affects sewerage works, inasmuch as each 
individual member of the community uses a certain amount 
of water and contributes a certain amount of solid matter 
to the sewers. The quantity of water supplied daily to any 
area is generally discovered without difficulty ; but it varies 
considerably between the mofussil town, with ita well- 
supply of from 6 to 7 gallons per head, and a City like 
Bombay, with its lakes and pipes capable of supplying 40 
gallons per head per day. In the latter class of cases, the 
Engineer should allow for 6 cubic feet of sewage per head 
per day, half to flow off in 8 hours. 

Given the water supply per head and the population 
of any area, the required capacity of its sewers is then 
easily determined. If the population is 10,000 and the 
wiiter supply 20 gallons per head per diem, the sewers 
must be capable of conveying daily 200,000 gallons to the 
sewage outfall. But, owing to the fact that in Eastern as 
well as in other countries the largest amount of water is 
used in the early morning, one-half of the average daily 
supply should be assumed to flow off within 8 hours, so 
that the sewer capacity should be made capable of convey- 
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ing 100,000 gallons in 8 hours, equal to 12,500 gallons per 
hour, or 208 gallons per minute, at the time of maximum 
flow. 

The minimum velocity of sewage, usually held to 1x5 
sufficient for satisfactory self-cleansing in England, may 
be taken at 2 feet per second ; but a greater velocity than 
this is usually allowed for, especially on small sewers up to 
12 inches in diameter. A velocity of 2 feet per second has 
been found to be insufficient for India, and after consider- 
able experience, the Author is of opinion that in this country 
a minimum velocity of 3J feet per second should be taken 
for all sewers, on account of the heaviness of some of the 
foreign matter in the sewage. It is essential that every 
sewer should be of such dimensions and laid at such a gra- 
dient, that the volume of sewage delivered to it will always 
be of a depth within it sufficient to maintain the given 
velocity. 

The formula used and published in tables and dia- 
grams for use in designing sewers and water mains by 
Messrs. W. Santo Crimp and C. Ernest Bruges has been 
found to be reliable. It was devised by Messrs. Crimp and 
Bruges after experiments carried out on the London sewers. 
The results of the formula closely follow the results obtained 
from the well-known Kutter formula, which is, however, 
cumbersome and laborious to work out. By adjusting the 
co-efficient given in the formula, viz., 124, the results 
obtained may be made to correspond with Kutter's formula 
for different co-efficients of roughness. The co-efficient 124 
corresponds with Kutter's N= "012. The formula may be 
confidently used in the design of drainage works, in which 
stoneware pipes and brickwork of good quality are to be 

employed. It is as follows:— v = 124 s jr* Is 

Where v = Velocity in feet per second, 
r = Hydraulic mean depth in feet, 
s = Fall divided by the length. 
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For circular pipes running full or half full, this 'is equi- 

ITT , p? 

,^, and Q = 3:072_>l_ 

J ' r 

Where V = Velocity in feet per minute. 
D = Diameter in inches = 48 r. 
. I = Inclination or the length divided by the 

fell = ^, 

Q = Cubic feet per minute delivered when 
running full. 

The following example illustrates the working of the 
formula: — 

Find, for example, the velocity and discharge of a 
9-inch pipe sewer at a gradient of 1 in 200. 

r = • "- = '19 nearly. 



•• 'V- 



•3305. 



& V = 124 X -3305 X f^ = J^, = 2-89 feet per 
second ; or thus 

V =563 N 81 = 172 feet per minnte. 



and Q= -4418x172 = 76 cub. feet per minute. 

This result, as will be seen from the foregoing remarks, 
shews that the gradient is not sufficiently steep for a 9-inch 
pipe sewer. 

In the same way, with the above formulae, the velocity 
and the discharge of any sewer can be calculated. 
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As already stated there is a limit to the maximum 
velocity of flow in sewers, because of the solid matter in 
the sewage which tends to wear away the inside surface 
of the sewprs. Several authorities, including Rankine and 
Rawlinson, limit this velocity to 4J feet per second, which, 
in the opinion of the Author, is a low limit ; but in deciding 
such a question, the quality of the sewage to be dealt with 
must be considered. In Bombay, the sewage contains a 
large quantity of road detritus, derived from the basaltic 
rock with which all the roads are macadamised. In such 
sewage a maximum velocity of 6 per second should be 
given, but in ordinary domestic sewage 6 feet per second 
may be allowed without danger. 

The modem practice in sewerage schemes is to use 
pipes and sewers of relatively much smaller diameters than 
those used in former years, and this more especially refers 
to pipe sewers. It has often been found with pipes laid 
years ago that they have never ordinarily carried more 
than l-6th of their full capacity and it is manifestly more 
economical in such cases to use pipes of a smaller diameter. 
Other considerations, however, impose a limit on a minimum 
size, and it is not advisable to lay any pipe sewer of a 
less diameter than 8 inches, even though calculations based 
on the formula already quoted might shew that a pipe of 
much smaller capacity would do all the work required. 
The practice in Bombay in past years has been to lay pipe 
sewers of 9 inches in diameter as a minimum, but this is 
somewhat large. 

Small sewers require a greater inclination than larger 
ones, and pipe sewers require less inclmation than brick 
sewers. 

For ready reference, certain tables are here inserted, 
calculated from the formulae already given. 

Table I gives the value of » |r* for different values 

of " r " from -01 to -3. 
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Table II gives the areas in square feet of circular 
sewers and pipes, mostly used in sewerage works, and the 

value of « I r* when running full. 

Table III gives the areas of the principal egg-shaped 

sewers in square feet and the value of » I r* when running 

full, two-thirds full and one-third full. 

Table IV gives the gradients at which different sizes 
of pipe sewers should be laid to give different velocities, 
when running full or half full. 

Table V gives the gradients at which different sizes of 
ovoid sewers should be laid to give different velocities when 
running full. 



TABLE JI. 

Areas of Circular Sewbrs and Pipes in square fret 

and the value of i i r* when running full. 

(r= Hydraulic mean depth in feet.) 



Diamet«r in 
iaehes. 
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Construction. — It is most necessary that sewers 
should be laid straight and true with a regular and uniform 
gradient. Too much importance cannot be attached to this ; 
for once the sewer is laid and the trench filled in, it is lost 
to view and inequalities in gradients are not easily detected. 
The proper laying of the sewer can only be ensured by the 
use of sight rails and boning rods. Sight rails consist of 
two uprights fixed on either side of the trench with a 
straight cross rail attached to them horizontally: they are 
placed at convenient distances along the line of the sewer 
and the levels of the cross rails are so fixed that their upper 
edges are on a plane parallel to the gradient of the sewer 
and at a constant height from its bed. If the boning rod 
(the head of which is like a T square) of a length equal 
to the above height is moved along the line of sight between 
the two sight rails, the lower end determines the level of 
the invert of the sewer. Three sight rails rather than two 
should be used for one stretch of a sewer, and they should 
be constantly checked to sec that they have neither settled 
nor been moved. In laying pipes, care should be taken 
that they are laid on an even bearing; for, if laid on a 
point of rock, sooner or later they will fracture and possibly 
subside, and at any rate will allow sewage to soak into 
the soil. If laid on a rocky foundation, it is advisable 
to bed the pipes on an even cushion of 2 inches or so of 
muram. 

In drainage contracts, it will be found satisfactory, 
where ground is of uncertain quality, to lay down in the 
specification that the width of the trench which will be 
measured for 9-inch pipe sewers shall be 3 feet. A general 
rule may, however, be adopted that all trenches shall be 
at least 2 feet wider than the greatest diameter of the pipe. 

The sides of the trench should be carefully secured and 
shored, whenever the excavation has to be carried to a 
great depth. No hard and fast rule can be laid down for 
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the maximum depth to which the excavation should bo 
carried without the trench being shored, as this entirely 
depends on the character of the soil, and on the latter also 
depends the kind of shoring to be adopted. In reclaimed 
ground, it will be found dangerous to excavate deeper than 
three or four feet without shoring ; wHile in good muram, 
a trench can be dug to a depth of seven or eight feet with- 
out any necessity for protection against collapse. Subsoil 
water also governs, this question. A dry soil which will 
stand without shoring will require, if there is subsoil water 
jninning into the trench, to be shored. Of all excavations, 
the worst and the most difficult is that of running sand. 
When excavations exceed a depth of 16 feet or so, it may be 
found cheaper in good ground to tunnel or, in other words, 
to run a heading. Three principal kinds of shoring may 
be adopted, and are shewn in Figs. 12, 13, and 14. 

In Fig. 12 the shoring is of the simplest kind. The 
timbering in this case, if it slips at all, must tighten up 
against the side of the trench, the excavation being wider at 
the top than at the bottom. The walings (W) are kept m 
position by struts (S), and props (B) are in some cases 
added. In instances where it is desired to support a large 
surface of ground, poling boards (P) are put in as in Fig. 
13. In bad ground, close shoring, as in Fig. 14, is neces- 
sary and the poling boards are used as runners. In such 
shoring the struts should be of as great a diameter as pos- 
sible ; for, if small, they have a tendency to split the walings : 
the distances between them vertically should be about 
5 feet. 

It is necessary for the proper and efficient execution of 
sewerage works that the trenches or excavations should be 
quite dry, and pumping must therefore be employed wher- 
ever water is met with. No masonry should be built, no 
concrete deposited, and no pipe joints made in water. The 
water must be kept down by the pumps to below the level of 
any work, and pumping continued until ani as long as may 
be necessary for the cement to have set hard. 
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METHODS OF SHORING TRENCHES. 



Fio. 12. FiQ. 13. 



Fig. 14. 
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If the bottom of the trench is soft and muddy, it is 
unsuitable for sewerage works without additional founda- 
tion being provided to carry the pipe or sewer. The best 
expedient to be adopted in such cases is to cause dry rubble 
to be rammed in the bottom of the trenches as deep as pos- 
sible, and on this bedding of stones the sewer should be laid 
or constructed with a layer of good muram or concrete 
between. 

Ovoid Sewers. — ^Fig. 16 shews the section of an 
ovoid or egg-shaped sewer, 2 feet 6 inches by 3 feet 9 inches. 
The invert of the sewer is formed of blocks of cement con- 
crete, carefully and properly moulded in boxes to the form 
and dimensions required. The concrete for the blocks is 
composed by measure in the proportion of one part of 
cement, two parts of sand, and two parts of clean river 
shingle. The concrete, as soon as mixed, is filled into the 
mould boxes and well rammed. The blocks should remain 
in the moulds for two days and be kept well moistened with 
water. They are then taken out and kept in the shade for 
two or more days before they are used in the work. Thr 
blocks should be laid as close together as possible and thi 
joints should be filled in with neat cement mixed to the 
consistency of cream. 

The excavation for an ovoid sewer between the invert 
and the springing line should, as far as practicable, be cut 
to the shape of the sewer. The walls of the ovoid sewer, be 
tween the invert and the springing line, may be constructed 
of cement concrete deposited and well rammed between the 
sides of the trench, shaped as already described, and a 
centering formed to the true internal shape of the sewer 
allowing half an inch for a facing of cement plaster. 
After the concrete is set and the centering removed, the 
internal face is rendered with cement and sand mixed in 
the proportion of one to one. The covering arch is also 
formed of cement concrete, rammed in sHu and plastered 
on the inside with cement. 
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In the new form of ovoid sewer, the vertical height is 
one-and-a-half times the transverse diameter, t.e.^ three 
times the radius of the covering arch. The invert is struck 
from a centre on the vertical height with a radius equal to 
one-eighth of the transverse diameter, and the sides are 

SECTION OF OVOID SEWER 2'-6"x3'-9« 




Fig. 15. 
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struck from centres on the prolongations of the transverse 
diameter with a radius equal to one-and-a-third times the 
length of that diameter; while in the old form of ovoid 
sewer, the radius of the invert is one-fourth of the trans- 
verse diameter and that of the sides one-and-a-half times 
the transverse diameter. 

Another not unusual construction for ovoid sewers is 
that of double brickwork set and render- 
ed in cement as shewn in Fig. 16. In 
this class of sewer, concrete blocks are 
also advisable for the invert. A simple 
formula for ascertaining the thickness of 
brickwork required is: — 

d= depth of excavation in feet 

r=the external radius of the 

sewer in feet. ^^^' ^^• 

Then the thickness of the brickwork in feet isiJL, 

100* 

An allowance of BO. per cent, should be made on the 
results of this formula for Indian made bricks, because 
such bricks are generally much inferior to English, both 
in shape and quality. For this reason cement plastering, 
both on the inside and the outside of sewers built with 
Indian bricks, is necessary to finish the sewer off with an 
even face, unless concrete is used as a cover or hood, and 
then cement plastering only on the inside is required. With 
English bricks, only pointing of the inside fac6 is necessary. 
With ovoid sewers built with Indian bricks of a size 2 feet 
6 inches by 3 feet 9 inches in solid ground not exceeding 
20 feet in depth, the thickness of the sewer should be two 
bricks thick or one brick with a hood of 6 inches of lime 
concrete. For sewers not exceeding 4 feet in diameter, the 
thickness should be of two bricks with a cover of 6 
inches of lime concrete, the thickness of the brickwork in- 
creasing proportionately to the size of the sewer. 
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Fig. 17 shews an ovoid sewer only one brick 
enclosed entirely with concrete. This type 
is useful in indifferent ground and at con- 
siderable depths. 



thickp 




In some sewers constructed of concrete 
the arch is formed of concrete voussoirs, 
as shewn in Fig. 18. The voussoirs are 
made in moulds in the same way as the 
blocks described in regard to Fig. 16. This Pio. 

is a useful construction of sewer and is recommended 
ground on account of its strength. 



17. 
in bad 




Fio. 18. 

Fig. 19 shews another type of ovoid sewer, known as 
the new egg-shaped, and is for use in gravel or running 
sand. The invert blocks may be of concrete or stoneware. 
It will be noticed here that the lower half of this sewer is 
well protected with a covering of cement concrete. 
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In recent years circular brick sewers have found 
greater favour 
among Engineers 
than ovoid or egg- • 
shaped sewers. 
There are several 
reasons for this, 
the principal be- 
ing that circular 
sewers of a largo 
size toe rarely 
called upon to 
deal with so little 
sewage as to 
make an egg- 
shaped sewer of 
similar capacity 
advantageous 
Again, the length 

of the wetted pe- ^iq 19 

rimeter of a cir- 
cular sewer is, with equal volumes of sewage, less than 
that of an egg-shaped sewer: circular sewers are also 
usually more economical in construction. 

Stoneware junction 
blocks, of the shape 
shewn in Fig. 20, are 
inserted in the wall of 
the sewers above spring- 
ing level, wherever re- • 
quired, for connections of house drains. 

Plate 3 shews a design for manholes for ovoid sewers. 
These may be built either of concrete or of brickwork set 
in cement or hydraulic mortar, and rendered both internally 
and externally with cement plaster. Cast-iron steps are 
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inserted in the manhole, so as to give access to the sewer 
when required, with a notch in the wall in lieu of the last 
step, as any projection at this level would be liable to 
catch rags, etc., and cause obstruction to the flow of sewage. 
In certain manholes a groove is left in the invert and walls 
for flushing purposes as shewn in Plate 3. Into this 
groove a wooden door is let down and kept there until sufii- 
cient sewage is dammed up to give a good flush. The man- 
holes are covered with cast iron frames and covers as here- 
inafter described. 

Laying and Jointing of Stone-ware Pipe 
Sewers. — ^Pipes should not be laid at too great a depth 
without a protection of concrete designed to resist the pres- 
sure of the covering material. A depth of 16 feet to 16 feet 
is recommended as the limit for 9-inch pipes and 12 feet 
for all larger sizes; and all pipes laid at these or greater 
depths should be laid on and covered with a layer of 6 
inches of lime or cement concrete. Pipes which are laid 
at a shallow depth may also require a protection of con- 
crete to prevent rupture by the weight of heavy traffic. 

It is a good rule to follow that the minimum depth at 
which a pipe sewer should be laid should be equal to three 
times the diameter of the pipe. If circumstances are such 
that this rule cannot be followed and the sewer must be 
laid at a less depth, a cast iron pipe should be used. 

In the laying of pipe sewers, the pipes should be first 
laid and fitted dry, previous to the jointing being com- 
menced, such junctions being inserted as may be required 
for house drainage connections. Pipes should then be 
plumbed and boned to ensure their being truly laid both 
to line and gradient. 

In earlier years, earthenware pipes were jointed merely 
with clay, and even at the present day this practice is to a 
certain extent continued. No worse material than clay 
can be found for jointing pipes; for a soft yielding sub- 
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stance of this description is almost certain to be washe:! 
out of the joint either by water escaping from the pipes or 
by the subsoil water flowing alcmgside the pipe. More- 
over, a material such as clay, is sure to be pressed from the 
joint by the weight of the earth covering the pipe. Clay 
also oflfers no barrier to roots entering the pipe through the 
joint. 

Stoneware pipes for conveying sewage should always 
have their joints composed of cement mortar, ?>., one of 
cement and one of fine sand. The process of jointing 
should be as follows: — A gasket of hemp, well-tarred and 
cut in lengths sufficient to pass completely round the spigot 
end of the pipe, is driven well home into the base of the 
socket, care being taken that not more than a quarter of 
the depth of the socket is taken up by each gasket. Port- 
land cement mortar is then forced into the joint until the 
whole space round the spigot between it and the socket is 
quite full. The joint is then finished off with a neatly 
splayed fillet of pure cement. Each joint should be care- 
fully examined in the inside of the pipe, and any cemeni 
that has oozed through should be carefully smoothed off. 

When there is much water in a sewer trench, it is a 
good plan to protect the pipe joint by means of a piece of 
cloth tied around each joint. 

After all the joints have been carefully made and before 
the trench is filled in, what are known as the **disk test'* 
and the " water test " should be applied to each length of 
pipes between manhole and manhole. 

The former test consists in passing a cylinder of wood, 
about half an inch less in diameter than the pipe, through 
the whole length of the sewer to ensure its being clear of 
rubbish. 

The latter test consists of closing the lower end of the 
pipe and filling it entirely with water, until a head of at 
least 12 inches is obtained in the upper manhole. If there 
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is no f 6dl in the level of the water after two hours, it may be 
taken that the joints have been well made and are water- 
tight, and the particular length of the pipes tested may be 
passed. This is an important test, which should never bp 
omitted and should always be made while the pipes are 
exposed. 

Plate 4 gives the details of circular manholes on pipe 
sewers, which are constructed on lines of sewers for the 
purpose of inspection and cleansing: they should not be 
more than 200 feet apart, and the sewer should always be 
laid straight between manhole and manhole, so as to facili- 
tate inspection and cleansing and to ensure there being no 
gaps or spaces in the joints of the pipes. 

Manholes are generally constructed of brickwork set 
in cement and, though usually rectangular or circular, may 
be of any shape. The thickness of the brickwork will 
vary, according to depth, from 18 to 9 inches. A man- 
hole should usually be founded on a 12-inch layer of 
cement concrete. In the case of rock, this may be reduced 
to 6 inches. The circular shape has found most favour in 
Bombay, since, on the removal of the cover, the inspection 
of the whole of the floor can be at once made. Circular 
manholes will vary in their vertical section according to 
the depth and the class of soil in which they are constructed, 
the dome shaped section being recommended for depths up 
to 6 feet 6 inches and the conical shape for greater depths. 
The top and bottom of manholes are the same in size for 
all depths. The sides of a conical shaped manhole at a 
depth less than 6 feet 6 inches would so slope as to be 
dangerous to the structure, and accordingly for manholes 
of less than that depth a dome shape is recommended. 

It is desirable to cover manholes, bott inside and out- 
side, with a half-inch plastering of cement and sand in 
the proportion of one to one, so as to keep them absolutely 
water-tight. Step irons should always be fixed inside 
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manholes during their construction, when the depth exceeds 
4 feet. The flooring of manholes should be made of cement 
concrete, having half-round channels formed in it, at the 
same gradient as the pipe, and with vertical sides of the 
same height as the pipe, such flooring and channels being 
finished off with a rendering of cement plaster. It is 
desirable in all manholes to place an indicator stone, with 
the number cut into it, near the top and under the cast iron 
frame. In a dome shaped manhole, it is not possible to 
place a stone under the frame so as to be visible, and it 
should therefore be placed in the floor as shewn in Plate 4. 
Around the mouth of the manhole, a fillet of cement and 
sand (1 to 1) should be placed for the reception of the 
cast iron frame, which should be so bedded on the masonry 
of the manhole that the top may be slightly above the 
original surface of the road, this level being designed to 
prevent the entrance into the manhole of storm-water. 

Plate 5 shews two patterns of manhole covers and frames 
in use in the Bombay Sewerage Works. Both are good 
types, but that shewn in Fig. 2 is the newer and probably 
the better. The weight of frame and cover should not be 
-less than 6 J cwt. It will be noticed that the cover fits 
into a slot in the frame, which ordinarily is soon filled 
with sand from the road surface, and becomes not only 
a water-tight but a fairly air-tight joint. 

It is important, in districts which' are liable to be 
flooded and which are drained on the separate system, that 
the manhole covers on the sewers should be water-tight. 
The type of cover shewn in Fig. 2 was recently experimented 
upon by constructing a water-tight wall round the frame 
and filling up the space with 12 inches of water, the cover 
thus forming the bottom of a cylindrical vessel ; and it was 
found that with ordinary road detritus filling up the space 
between the cover and the frame, the whole was to all 
intents and purposes water-tight. 
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In cases where branch pipe sewers enter the manholes 
on main pipe sewers at a higher level than the main sewer, 
a drop pipe should be used as shewn in Fig. 21. As will be 
seen, the branch pipe sewer is brought down at an angle and 
finished with a bend discharging into the manhole at the 
main pipe sewer level, while an overflow and inspection 
pipe is provided by continuing the branch sewer pipe 
straight into the manhole and closing it with' a metal flap 
valve. This arrangement avoids the splashing of sewage 
in a manhole — a proceeding conducive to the generation of 
sewer gas. 



:FiG. 21. 

Flushing Tanks. — The provision of flushing tanks is 
very desirable in all sewerage schemes. The number and 
size of these tanks must depend to some extent on the 
gradients of pipe sewers and the class of sewage, but in 
general it is advisable to fix one at the head of each section. 
Plate 6 shews the type of flushing tank commonly in use in 
the Bombay sewerage system. The tank is constructed 
of brickwork in cement or hydraulic mortar and rendered 
with a half-inch coating of cement and sand (1 to 1), 
covered with stone slabs 6 inches in thickness, with 
the manhole frame and cover of the type before described 
fixed over the siphon. They are usually constructed to 
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contain from 100 to 600 gallons, according to the lengtn 
and diameter of the sewer they flush. The flushing siphon 
is fixed in a chamber in the centre of the tank, the floor, 
sloping both ways towards it. The lower end of the 
siphon dips into the water in the chamber and forms a trap. 
The water rises on the inside of the tank until it reaches the 
lip or adjutage, and, dropping over, expels a quantity of 
air, which continues; until a partial vacuum is formed and 
siphonic action is set up, when the whole of the contents of 
the flushing/ tank is discharged. Each tank is fittoil with 
a tell-tale, connected to a float, which registers each flush. 
The water-supply pipe should be provided with a reserve 
Lall-valve. 

The connection between a flushing tank and a manhole 
should be constructed in the manner shewn in Plate 7. A 
6-inch cast iron discharge pipe from the flushing tank is 
built into the wall of the manhole and carried down by 
means of a bend so as to terminate two inches below the top 
of the channel of the manhole. This bend is fixed to the 
wall by means of a wrought iron strap, the details of which 
are given in the Plate. The floor of the manhole is in- 
verted so as to carry the whole flush directly towards the 
outlet sewer. 

Flushing Disks.— Messrs. Mather and Piatt have 
recently introduced a flushing disk, which effects the hold- 
ing up and discharging of sewage automatically and may 
very likely obviate the necessity of a permanent staff. 

As an alternative to the disk valve, the flap valve 
shewn in Fig. 1 on Plate 8 is often used. It is fixed on the 
inlet sewer of a manhole and provided with a chain for 
opening and a strut for keeping the surfaces water-tight 
when closed. The flap is made of metal hung on hinges 
set with lead or cement in a stoneware block which is built 
into the brickwork of the manhole. A ring should be 
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provided on the chain to fasten on to a hook just below the 
manhole cover, so that the flap can be kept wide open 
when not in use. 

Flushing Doors. — ^Flushing doors, similar to tidal 
flaps as described in the catalogues of various manufac- 
turers, are an undoubted aid to flushing large sewers, as 
by these means a great quantity of pure water, which 
would otherwise be necessary, is dispensed with. Broadly 
speaking, a flushing door is a hinged iron flap placed in a 
manhole on the inlet side of the sewer. This can be 
securely closed, when required, so as to head up the sewage 
on the upper length of the sewer to any required extent. 
On opening the door, which should be done as rapidly as 
possible, the whole of the pent up sewage rushes forward 
at a greatly increased velocity to that which would be 
obtained in the ordinary way, scouring before it solids 
and other matter, which would otherwise tend to form a 
deposit on the invert of the sewer. 

Large flushing doors, such as are used on the main 
ovoid sewers in Bombay, are provided with a hinged strut 
to keep them securely in their place when closed, and to 
this strut is attached a chain, by means of which the dooi* 
can be raised to an horizontal position when required. 

A reference to Plate 9 will shew the door in its lowest 
position and the hinged strut preventing it from opening. 
To release the door a chain is provided which is fixed to 
the ring (A) on the strut. In the larger sized doors, this is 
connected in a small chamber immediately below road level 
to a winding apparatus or to the lifting gear, as it is found 
impracticable to lift these doors by a direct pull. The 
joint (B) on the strut, being lifted, takes the position shewn 
by the dotted lines, and easily drops back into its proper 
place on the chain being released. These flushing doors 
have been found most useful in Bombay, where the accu- 
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mulation of silt in the sewers is considerable. The follow- 
ing observations shew the result of one average flush:— 
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From these observations it will be seen that above the 
flushing door 2J inches of silt have been moved forward 
from No. 5 to No. 4 manhole, all manholes being 200 feet 
apart. In manhole No. 3, there is no difference after the 
flushing. In manholes 2 and 1, 2 inches and 4J inches, 
respectively, have been moved forward. Below the flushing 
door, manholes 1 and 2 shew a decrease of 4J inches and 
1 inch of silt, while 3, 4, and 6 shew an increase of 1 J, 2, 
and 4 inches. These results are satisfactory for one flush, 
and particularly when the distance between the manholes 
6 
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and the area of the sewer is considered. By continuing the 
Hushes, great good can be done in the way of cleansing the 
sewer. A somewhat similar method of flushing can also 
be used for pipe sewers, but the valve, which is preferably 
of a disk type, is in this case placed on the outlet from the 
manhole, and an overflow from the manhole (about 3 feet 
above the invert) is usually provided, discharging into the 
outlet sewer. The object of this overflow is to guard 
against the risk of the door being closed and accidentally 
forgotten, wiHJi the result that the sewage would force its way 
out of the lowest manhole cover. These small valves are 
inexpensive and undoubtedly useful, and might advan- 
tageously be placed a short distance from the head of 
branch sewers, simply leaving a sufficient length of sewer 
between the valve and the head manhole in which to store 
up enough sewage to create a satisfactory flush. In good 
gradients, these valves should be built into the manholes 
at intervals of 1,000 feet, but if the gradient is flat, then 
they should be placed at intervals of BOO feet. 

It must be borne in mind, wher^ considering the adop- 
tion of appliances of this kind, that an eflBcient and separate 
permanent staff is necessary to work them. 

CatchpitS. — These have been found necessary in the 
Bombay sewerage system, both for ovoid and pipe sewers, 
and are recommended for general uso in India. The prin- 
cipal reason for their adoption is on account of the large 
amount of mineral matter, in the shape of sand, ashes, and 
road detritus, which, as before stated, finds its way into 
the sewers through the branch drains from every point. 
The catchpits as constructed in Bombay are shewn in Plates 
10 and 11. They have successfully stood the test of time, 
and year by year their number is being increased as the 
sewerage system is extended. In the districts sewered on 
the Shone System of drainage, they are not required, because 
there it has been possible to adopt steeper gradients and 
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thus to decrease the possibility of the deposit of solid matter. 
The construction of catchpits on ovoid sewers should be 
wholly in cement brickwork or masonry. They should be 
fitted at both ends with penstocks^ as shewn in Plate 10. 
and should slope towards the centre so as to facilitate 
cleansing. Each catchpit must be constructed with a cast 
iron by-pass, which is put into use only during the time 
of the cleaning of the main chamber. With catchpits on 
pipe sewers (Plate 11), the by-pass is done away with by 
having two chambers, both of which are ordinarily brought 
into use, except when the catchpit is being cleaned. In- 
stead of a penstock, these catchpits are fitted with sluice 
valves, their size being governed by the size of the respective 
pipe sewers. Care should be taken in cleaning out these 
catchpits, for, when the silt is disturbed, they are apt to 
dangerously fill up with gas. There is no question as to 
the utility of these catchpits, at any rate in Bombay, as 
both small and large regularly fill with silt and require 
to be cleaned out at least once a month, and any scheme for 
the disposal of sewage with similar characteristics to that 
of Bombay would not be complete without such catchpits. 

Ventilation. — One of the most important questions 
connected with sewerage schemes, and one that has exercised 
the minds of Sanitary Engineers for many years, is the 
efficient ventilation of sewers. It is not alone sufficient to 
merely ventilate a sewer and keep it reasonably free of 
poisonous gases, but it is imperative that the ventilation 
should be so carried out as to causd neither nuisance nor 
injury to the public, which can only be avoided by great 
care and judgment. 

Sewer gas has been described in Moore's Sanitary 
Engineering as a "Fetid Organic Vapour " — a very apt 
description of it. Chemical analysis of the air in sewer< 
shews it to generally consist of marsh gas ( CH4 ), Carbon 
Dioxide ( CO2 ), Ammonia ( NH2 ), Nitrogen (N), greater 
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or less quantities of Pulphurettod HyHrogeti (HtS) according 
to temperature, and Carburetted Hydrogen ( Cs H4 ). 

Carbon Dioxide, or choke damp as it is also called, is 
tlie result of decomposition, and when inhaled in any quan- 
tity causes instantaneous prostration, often followed by 
death. 

The presence of Nitrogen in sewers is due to the 
denitrifying of the organic matter in the sewage, which 
is the first stage of the bacterial work. Carburetted 
Hydrogen in sewers is often due to the leakage of gas pipes, 
but more often in this country to the decomposition of 
vegetable matter. It has a faint smell, something like 
burnt hay. In the Bombay sewers a large quantity of 
this gas accumulates. It is very explosive when mixed 
with atmospheric air, and for this reason no naked lights 
should ever be used in sewers until after they have been 
fully tested as hereinafter described. 

Marsh gas, which is analogous to Carburetted Hydro- 
gen, is the result of. decomposition of vegetable matter and 
burns easily with a blue flame when ignited. 

Sulphuretted Hydrogen — a gas nearly always present 
in sewers — is also a product of putrefaction ; it has a very 
offensive smell and is heavier than arf^mospheric air; it 
is one of the most poisonous of all gases and has been 
responsible for the deaths of numerous workmen in sewers 
from time to time; it mixes freely with fresh air and 
becomes then comparatively harmless. 

The ammonia present in sewer air is the result of 
bacterial action. 

The mean temperature of the sewage in Bombay is 
about 76 -5°, while the mean temperature of the air as regis- 
tered at the Meteorological Observatory, Colaba, on the 
average of the observations of 56 years, is 79*60°. It is 
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obvious that at a temperature of 76 -6° in the sewers, putre- 
faction and therefore the discharge of foul gases from the 
sewers will be great, and the fact th'at the temperature 
of the air is greater than that of the sowers is not in favour 
of successful ventilation. 

Fresh sewage, however offensive it may be, is virtually 
harmless, but in its transit through sewers it becomes pro- 
gressively noxious and dangerous. 

Barometric changes effect the amount of foul air 
present in sewers. The lowering of the barometric pressure 
leads to the escape of gases in the sewage and favours 
decomposition and putrefaction, while an increase of baro- 
metric pressure enables the sewer air to carry a larger 
amount of vapour and therefore for the sewage to retain a 
larger amount of these gases, which are due to decom- 
position. 

Increase of temperature of the liquid tends to expand 
the air held in the sewage, and consequently a quantity 
of the offensive gases is driven off under some pressure. 

Temperature and barometric pressure are therefore 
very potent agents in connection with ventilation. 

Steam hot water, and waste chemical products are all 
active agents in setting up decomposition in sewers and 
thereby freeing gas. Soda water manufacturers are espe- 
cially culprits in this way, and the discharge into a sewer 
of waste water from a sodawater manufactory highly 
charged with carbonic acid gas has in Bombay prevented 
any access to the sewer in the immediate neighbourhood 
for days together. 

Experiments made by the late Mr. Santo Crimp tend 
to shew that the direction and force of wind are great factors 
in ventilation, and he has stated that ordinary ventilating 
shafts often act as inlets or outlets according to the condi- 
tion of wind for the time being. 
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That sewer gas has the power of predisposing the 
human body to disease is, no doubt, true, though there is no 
ilirect evidence to shew that it is the immediate cause of 
zymotic disease, but it is quite conceivable that it is an 
indirect one. On the other hand, it is a curious fact that 
the health of employes at Sewage Pumping Stations com- 
l)ares very favourably with that of people living elsewhere, 
and this is borne out in Bombay. New-comers, however, 
often suffer in divers ways, which suggests that the 
poisons — if poisons they be — ^which surround such stations 
are such as people can soon become immune to. 

Some years ago, Mr. J. Parry Laws, of the London 
County Council, made some interesting investigations into 
the air in sewers, and proved that the micro-organisms 
found in- sewer air were related to those in the external 
air; that they bore no relation to those in the sewage itself; 
and that, however full the sewage might be of disease germs, 
they would not pass into the air of the sewer, except possibly 
under conditions of great splashing. But in a later report 
he says that " although one is led almost irresistibly to the 
conclusion that the organisms found in the sewer air do not 
probably constitute any source of danger, it is impossible 
to ignore the evidence, though it be only circumstantial, 
that sewer air has had causal relation to zymotic diseases." 

Dr. Louis Parkes, M.D., D.Ph., in the Journal of the 
Royal Sanitary Institution of April, 1895, is inclined to 
rather dissent from the opinions of Mr. Parry Laws, for he 
says that " it is clearly impossible that Mr. Laws' experi- 
ments could take account of all the varied conditions to 
which sewage may be subject in sewers. We know that 
at times steam, and large quantities of waste water at a 
high temperature may be injected into sewers from manu- 
factories. Various chemical waste products also, acid or 
alkaline, occasionally find their way into sewers, and may 
then set up chemical decomposition in the sewage, and 
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tributary sewers frequently discharge their contents into 
main sewers so as to cause much splashing and agitation 
of the sewage. The local effects produced by these various 
conditions — and by others which will suggest themselves 
to the minds of those familiar with sewers — must be inves- 
tigated at length before it is possible to assert that at no 
times and on no occasions are micro-organisms charac- 
teristic of sewage to be found in the air of sewers." 

Many other notable Chemists and iledical Scientists 
have claimed that sewer air is incapable of disseminating 
the germs of disease; but it is almost certain that persons 
living in houses to which sewer air has access are more 
liable to zymotic diseases than those who live in a pure 
atmosphere. It is therefore of the utmost importance to 
carefully provide vent shafts for sewers and to ventilate 
house connections. 

The term " ventilation " is usually employed to mean 
both the venting and the ventilation of sewers, i.^., the 
letting of air out of and into the sewers ; but the two terms 
should be differentiated as each refers to distinct opera- 
tions. Sewers should be vented and house drains ven- 
tilated. 

For this reason all manholes on sewers should be made 
air-tight and the vent shafts, as they naturally do, may 
be allowed to act as inlets and outlets alternately, in 
accordance with the meteorological conditions prevailing 
at the time, and as the depth of liquid in the sewer for 
the time being falls and rises. 

Sewers laid at sharp gradients require more care in 
venting than those on flat gradients, because the gas 
naturally finds its way to the highest point of the sewerage 
system, sewer gas being generally lighter than atmospheric 
air. This, however, may not always be the case, as v/ith 
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quick velocities the gas is sometimes carried along with 
the sewage. 

Vont shafts should be as few as possible consistent with 
safety, the number being governed by the varying flow of 
sewage and the size of the sewers. Care should be taken 
to provide sufficient to prevent the pressure of the gas 
forcing the traps on the house connections, and they should 
not be less than 6 inches in diameter. The distance 
between vent shaft and vent shaft should, as a g-eneral rule, 
not exceed 400 feet. This distance has been found in 
Bombay to be satisfactory, provided that all house connec- 
tions are properly protected by an intercepting sewer trap 
and its accompanying vent-pipe, and no special conditions 
prevail, such as the discharge of hot water or chemicals 
into the sewer. Under the latter conditions, the shafts 
should be as close together as circumstances may require. 

The selection of the positions for vent shafts require 
careful consideration, and no hard and fast rule can be 
laid down in regard to them. They should, however, in 
all cases be as far removed from dwellings as possible ; but 
if the local circumstances oblige their erection near dwell- 
ings, they should be carried up well above the roof of the 
highest house within a radius of 200 feet. Sewer gas will 
travel long distances in the direction of the prevail- 
ing wind, and in a city like Bombay, where houses are, 
for the most part, open night and day, the greatest care 
should be exercised in fixing vent shafts. These shafts, 
when fixed against houses, are for the most part made of 
iron, which, being a good conductor of neat, has the effect 
of creating a draught from the sewer. Therefore, if pos- 
sible, a vent shaft should be fixed where the sun can shine 
on it for as many hours as possible. 

The greatest care should be taken to see that all the 
joints of a vent shaft are most carefully made, so as to 
prevent leaks. 
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The usefulness of vent shafts depends on the difference 
of the pressures of air at the outlet and the inlet of the 
shaft, less the loss caused by frictional resistance. 

In designing a vent shaft, it should always be remem- 
bered that the frictional resistance of the shaft modifies the 
current, the amount being in direct proportion to the lengtli 
and inversely to the diameter or area of the shaft. Vent- 
shafts should, therefore, err on the side of being too large 
rather than too small, and should be of the same size from 
top to bottom. The nearer the sectional area of the vent 
shaft is to that of the average air space of the sewer it 
vents, the more eflScient will it be. 

In any system of sewer ventilation, simplicity and in- 
dependence of mechanical aid are desirable. Natural venti- 
lation should be made use of as far as possible, and gases on 
leaving the outlet of a vent shaft should be exposed to as 
much dilution with fresh air as possible. 

It must always be kept in view that just as much fresh 
air as is admitted into the sewers must leave those sewers 
again as foul air. 

The question of sewer ventilation is a very difficult one, 
and the la^t word has not been spoken in regard to it. 

Some authorities now hold that sewer air has a greater 
density than atmospheric air, and does not rise as is gene- 
rally believed but is forced out of the sewers by the rise 
of the sewage or by the formation and pressure of the 
putrefactive gases in the sewer. 

Some years ago, in a section of the Bombay Sewerage 
System, it was decided to try surface manhole ventilators 
fitted with charcoal trays — a system which has been much 
used in England. Charcoal, to be at all effective as a 
disinfectant or a deodorant, must remain in a dry state, 
and it is manifest, therefore, that in Bombay, with its humid 
atmosphere, it would not be successful. As a matter of 
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fact, the manhole perforated, covers in the dry weather 
allowed a quantity of sand and rubbish to enter and mix 
with the charcoal, completely filling the interstices and 
rendering it useless, and in the monsoon they admitted a 
quantity of rain water into the sewers with washings from 
the streets. 

Plate 12 gives a drawing of an ordinary metal vent 
shaft as used in Bombay. It is rectangular in section and 
is 7J inches by 4 inches. A masonry shaft, or sometimes 
an iron column, is used iai places where there is no building 
to which a metal shaft can be fixed. 

Plate 12 gives a drawing of an ordinary metal vent 
shaft, which has answered admirably in Bombay and other 
places. It can with safety be erected to a height of 60 
feet without iron stays ; and, being of cast iron, it is con- 
structed in several pieces. 

The practice of leaving openings or grids in manhole 
covers for ventilating purposes has found many supporters, 
and even to-day some Sanitary Engine^TS consider it a 
suitable means of ventilation: but Engineers who have 
had much experience in the matter of ventilation, know 
that the surface grid ventilation must under all conditions 
be a fruitful source of nuisance. In some schemes with 
which the Author was connected in England, the force of 
public opinion wa^s so great that the surface grids whicn 
were fixed when the sewerage was carried out had all to 
be closed within a short time. It is quite certain that 
with the high temperature that prevails in the East, no 
such class of ventilation would be tolerated for a moment. 
The greatest care has to be exercised in Bombay to keep 
manholes absolutely air-tight, and a special form of man- 
hole cover, referred to elsewhere, is used for this purpose. 

There are various kinds of mechanical ventilation, a 
slight description of st)nie examples of which nuiy be useful. 
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The extraction and destruction of sewer air by a gas jei 
is a form of ventilation which has been used in many places 
in the British Isles. One of the principal forms of this is 
known as J. E. Webb's Patent Sewer Gas Extractor and 
Destructor Lamp. By this system it is claimed that the 
sewer air is drawn out of the sewers and subjected to a 
temperature of 600° F., and that all disease germs and 
noxious gases are absolutely destroyed. It is stated that 
(me lamp costing some £20 will effectively ventilate (me 
mile of an average sized sewer, the extracting capacity 
being 2,500 cubic feet of sewer air per hour. These lamps, 
which are in the form of ordinary street lamps, it is said, 
can be used equally well with incandescent burners. The 
economy of using this system is obviously dependent on 
the price of gas, and it is possible that in the East, where 
0nly a few towns have the luxury of gas, the cost of the 
commodity will be too great to allow of it being used 
economically. 

The Reeve Systeju of sewer ventilation aims at produc- 
ing the oxidation of the sewer air by artificial means. 
The sewer gases are destroyed in manholes by a special 
chemical apparatus, whence it is obvious that the necessity 
for vent shafts is done away with. 

Plate No. 14 is a drawing of tlie apparatus necessary 
to this system, and the following is the description of it 
as given by the makers:- - 

By means of the water supply, the Reevozone, with 
which the large container (A) is charged, is automatically 
liquefied and delivered continuously in any required quan- 
tity on to the mixing disk (B). Here it is mixed with the 
necessary quantity of acid, supplied also continuously, 
from the small container (C). Nascent oxygen — a powei'- 
fully oxidising gas — is thus generated, and also a strong 
permanganic liquid is produced, whfch flows from :!ir 
mixing disk to the cooling cylinders (Dj placed underneatii 
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tlie mixer. The strong permanganic liquid, as it trickles 
on to and down the sides of the cooling cylinders, is caught 
and beaten up into a very fine permanganic spray or mist, 
by the action of the sprayer (E), which is she\vn just over 
the cooling cylinders in the Plate. With the strongly 
oxidising gas and mist the ventilation shaft is kept sup- 
plied. Thus, when the current is inwards naturally, atm'>- 
spheric air entering by the grating goes down into the 
sewer charged with nascent oxygen and permanganic mist, 
both of which add greatly to its power to oxidise organic 
impurity ; while, on the contrary, when the pressure inside 
the sewer forces the sewer air outwards, the latter not only 
escapes freely by the grating but in an innocuous condition, 
being completely purified by its passage through the per- 
manganic mist and nascent oxygen. By the action ri the 
Reeve apparatus, currents of atmospheric oxygen are in- 
duced by the gratings even under tlioso meteorological con- 
ditions, when, in accordance with the laws governing the 
action of gases, sewer ventilation which is wholly depend- 
ent on natural causes must become totally inadequate and 
even sometimes fail altogether. The permanganic mist, 
mixing with the sewage and acting as an antiseptic to such 
extent at least as it may not have been exhausted on the 
scnver air, lessens the evolution of gas from the sewage. 
The perfect ventilation which the Reeve System secures 
also acts as a preventive of the evolution of gas from 
sowage, because putrefaction is less rapid in pure than in 
foul air. The water supply enters the apparatus by the 
double locking siphon water-seal (Fj, which thoroughly 
protects the water main from any back pressure. This 
arrangemeni; meets all the requirements of the Water Com- 
panies and is an important feature in the system. 

A necessary element in the satisfactory working of the 
system is a water supply under pressure. It is stated that 
it can be worked even if the pressure drops down to 5 lbs. 
per square inch, but usually a pressure from 15 to 30 lbs. 
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is desirable. The c<>st, including water pipe connections, 
for installing the apparatus in a manhole would be from 
£10 to £35, and the annual cost of the chemicals about 
.£20. 

The system is said to have been installed with satis- 
factory results at several places in the British Isles, notably 
at Eastbourne and Edinburgh. 

When Shone's Hydro-Pneumatic System is used, the 
ventilation of the sewers in each sub-district is carried out 
by a number of inlet shafts and one outlet shaft, the 
latter being used for the double purpose of disposing of 
the exhaust air after use in the ejector and of ventilating 
the gravitating sewers. 'Hie process, which has been partly 
described in an earlier Chapter vide Plate 2 and pages 15-16. 
is that the air — which enters the ejector at a pressure higher 
than that of the atmosphere and leaves it after ejecting tJie 
sewage at about the same pressure — is used to create a 
draught in the outlet shafts: these being connected with 
the pipe sewers, draw the foul air from them, its place 
being supplied by fresh air entering the sewers through the 
small inlet shafts erected at the head of each gravitating 
sewer. The experience gained in Bombay shews this sys- 
tem to be very successful, but the drawback — and it is 
a serious one — is that the sewer air is discharged into the 
atmosphere in large puffs, and often, before it can be suffi- 
ciently diluted with fresh air and rendered harmless, it is 
borne by the prevailing wind into houses within 200 feet 
in the direction of the w^ind. It is, of course, impossible iil 
a city where huge buildings of five, six, and seven stories 
exist to construct iron columns of such a height as to be 
out of all" danger, and therefore some means of destroying 
the gas before it leaves the shaft is a great desideratum. 

Eeccntly, Mr. Shone has patented another system of 
ventilation, which he calls the " 20th Century System of 
Ventilation," and it will not be out of place here to give a 
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brief description of it. Tiio general principle on which iho 
jsystem is based is the creation of a partial vacuum in sewers 
and tlio admission of controlled volumes of atmospheric air 
tlirough patent valves on the house connections, all other 
inlets to the sewers being either stopped or trapped. The 
partial vacuum, which is equal to about half an inch of 
water, is produced by means of an exhaustor fan driven by 
Some motive pow^r such as steam, electricity, or compressed 
air. The air removed from the sections of sewers thus 
dealt with is discharged through one vent shaft fixed in 
connection with the fan. 

It is evident that if the proportion of the atmospheric 
air is very large as compared to sewer gas, the resultant 
mixture can be safely discharged into the atmosphere 
without causing any nuisanx^e. 

For this scheme to be successful, it must have the 
sewers or the system of sewers absolutely air-tight, and 
any leaky joint or manhole cover would seriously militate 
against the successful working of the whole system. 

Plato No. 15 shews the system in detail and the posi- 
tion of the fan. 

The system has been installed at the village of Darley 
Abbey, at Leicester and at Manchester. 

At Darley Abbey the system is a complete one, that is 
to say, the whole of the sewers of the village are ventilated 
by Mr. Shone's system. The present number of houses in 
Darley Abbey is 200 and the estimated population is from 
1,000 to 1,200. The water supply is equal to 15 gallons per 
head, but the sewers are designed to take away double that 
quantity. A 15-inch Sirocco Fan, capable of making l.oOO 
revolutions and delivering 600 cubic feet of air per minute 
up the ventilating shaft, is fixed in a convenient position at 
the lowest part of the drainage system, so that the tendency 
(»f the air to move downwards in the direction of the flow 
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of sewage may co-operate slightly with the work of the fan. 
Mr. Shone considers that if a volume of fresh air, equal to 
1 /J 0th of a cubic foot per minute per inhabitant, is sucked 
into the system through the inlet valves, it will be able to 
dilute the gases of any sewage suflBciently to permit of their 
being discharged into the open air with impunity. The 
volume of air required to ventilate the sewerage system at 
Darley Abbey on the basis of 1/lOth of a cubic foot per 
minute per inhabitant would only amount to 120 cubic feet ; 
but looking to the fact that an allowance has to be made 
for leaky manholes, etc., the fan has been designed to deal 
with 600 cubic feet per minute. This has proved to be an 
ample allowance and the installation has been working 
satisfactorily for two years. Plate No. 16 is a drawing of 
a regulated air inlet plug, which is considered by the 
Author to be a satisfactory arrangement. 

At Manchester the trial installation has been working 
for a year and the authorities are said to be quite satis- 
tied with its efficiency. As regards Leicester, thei Borough 
Engineer, Mr. John Mawbey, M.Inst.C.E., has published 
an account of his experience of the working of the system 
at that place. He states that the area under the influence 
of the system is 2J acres and comprises portions of the more 
modem part of the borough. The total length of the sewers 
ventilated is about 900 feet. The sewers are laid at an 
average depth of 10 feet, being principally 12 inches in 
diameter, discharging into a 3 feet by 2 feet ovoid sewer. 
The house drains connected with these sewers comprise a 
length of about 1,750 feet, being mostly 6 inches in 
diameter. 

There are no intercepting traps on the pipe drains. 
Of the 80 houses connected to the system, 27 are provided 
with ordinary ventilating pipes. At the lower end of the 
system a chamber is provided containing a 15-inch Sirocco 
Fan, driven by an electro-motor working at 700 revolutions 
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per minute. One end of the chamber containing the fan is 
connected to a circular steel ventilating shaft, 40 feet high. 
The fan is connected to this shaft by a zinc pipe, tapering 
in size from 7 inches square to 9 inches in diameter. The 
working expenses of the system are practically confined 
to the cost of the electric current consumed in driving 
the motor. The repairs and maintenance are very smaJl. 
The first experiment extended over a period of five con- 
secutive days. The velocity of the air discharged through 
the extraction shaft and of the air entering at each 
inlet was registered by an anemometer. Once during each 
of the five days a 10 minutes' test was taken at each of the 
27 inlets. The average result of these tests was that 275*10 
cubic feet of air per minute were extracted througli tlio 
extraction shaft, at an average velocity of 1,266 feet per 
minute, and a total of 31 "17 cubic feet of air per minute 
was admitted to the 27 inlets on the private ventilating 
pipe at an average velocity of 29*3 feet per minute. The 
inlets in the private ventilating pipes varied in diameter 
from B/16ths of an inch to one inch and the total area of 
the 27 inlet pipes was equal to 10-278 square inches. 

There is a great discrepancy between the total volimie 
entering the inlets and the volume leaving the extracting 
shaft, due doubtless to the fact that the volume of. air 
entering these inlets was too small to be registered and also 
that some of the air is drawn in throuii;li the manhole and 
lamp hole covers. 

In the second test that was made, the size of the extrac- 
tion shaft was increased from 6 inches to 9 inches, with the 
result that a largely increased amount of air was extracted. 
The result of the experiment satisfied Mr. Mawbey that the 
system was both practical and efficient and one on which 
reliance could be placed throughout all seasons of the year. 
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Five ^ts of air analyses were made during the experiment, 
and they shewed that the external air contained on an 
average 3 -BB parts of carbonic anhydride per 10,000 parts 
of air ; that the air in the manholes at different parts of the 
system contained on an average 1B*10 parts of carbonic 
anhydride; and that the air as discharged at the extraction 
shaft contained 18 'H parts. 

As stated earlier, the last word in regard to ventilation 
has not yet been said. It is a fact which the Author con- 
siders should be kept well in mind by Sanitary Engineers, 
that any expensive system of mechanical ventilation is 
likely to add very seriously to the cost of a sewerage sys- 
tem, which often constitutes a severe burden not only on 
the rates but also on the rate payers. A considerable 
amount of the work is doubtless carried out at public ex- 
pense; but some portion, and that by no means insignifi- 
cant, falls on the house-owners themselves. Any kind of 
mechanical ventilation will, however, assuredly add more 
or less to the cost of the scheme. At present, even in the 
British Isles, where many experiments have been carried 
out in regard to ventilation, there is a great variety of 
opinion as to which is the most suitable scheme. 

There are some Engineers who argue that sewers are 
better if not ventilated at all — a theory^ which finds corro- 
boration in the curious circumstance that Bristol, where 
there is no ventilation of any kind, boasts of almost the lowest 
d6ath rate in the United Kingdom. The Author has given 
much thought to the subject, and is of opinion that, so far 
as our present knowledge goes, the venting of sewers should 
be attained by means of vent shafts of suitable size placed 
at regular intervals, the manhole covers of the sewers being 
made practically air-tight 

Bemoval of Obstrnotions in Sewers.— In India, 
all sewers are very liable to obstruction and chokes. The 

7 
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universal habit of cleansing cooking utensils with sand 
and the frequent use of broken tiles and road metal in 
latrines are the principal causes. In Bombay, the usual 
method of keeping the ovoid sewer clear of deposit or silt 
is to draw a shield or scraper through the sewer by means 
of a winch and chain. This shield or scraper is made of 
wood in two patterns, one with the bottom part cut 
off and the other with the top cut away about a third of 
the distance down: both are constructed of the same shape 
as the sewer, with wheels both at the bottom and the 
sides, and are of a size to leave about 1} inch play on each 
side, to give greater fswility in moving. The shield or 
scraper is dragged through the sewer from manhole to 
manhole, the sewage finding its way with increased velo- 
city, either over or under the scraper, and thus softening 
the silt in front. The silt is pushed forward before the 
moving scraper into the nearest catchpit or goes on to the 
pumping station, where it is lifted with the sewage by the 
pumps. The scrapers are constructed so as to take to 
pieces, every part being bolted together when required for 
use. This is necessary, as the scrapers have to be put 
together in the sewers, and even then a specially large 
manhole is sometimes necessary to allow the larger part 
of the scraper being introduced into the sewer. The above 
method has been found to be the only means of moving 
the heavier particles of silt in the sewers. It has the dis- 
advantage, however, of being destructive to the cement 
plastering of the sewer. 

Where the silt is very hard, the scraper mounts on to 
the top of it instead of moving it forward, and this fre- 
quently happens where it is practically impossible to do 
any repairs. Plate 17 shews the apparatus in detail. 
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For pipe sewers usually a double disk, as shewn in 
Fig. 22, is used and dragged through them, the sUt being 
removed by hand at the nearest manhole. This arrange- 
ment is probably as satisfactory a way of cleaning pipe 
sewers by hand as 
can be arranged, 
and has been in 
use in Bombay for 
sc«ne years. At 
one time an at- 
tempt was made 
to clean pipe sew- 
ers by placing a 
round metal and 
hollow ball in the 
sewer, nearly the 
same size aa the 
sewer, and allow- 
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PL.^?4 



Fio. 22. 



ing the sewage to force the ball forward, but the attempt 
was not satisfactory, as the ball stuck hoplessly in the silt 
in the sewer and had to be dug out. 

Bules to be Observed in Gleaning Sewers.— 

The following precautions should be taken when men are re- 
quired to enter and work in sewers and drains: — 

When only two men are engaged in opening a manhole, 
it should be securely fenced round before the cover is re- 
moved, and the fencing should not be removed xmtil the 
cover has been replaced. This precaution should be very 
carefully observed in order to prevent accidents to trafl&c, 
the liability for which may be Brought home to the body 
responsible and heavy damages claimed. 

If there are more than two men engaged, the cover may 
be removed before the fence is erected, or the fence removed 
before the cover is replaced, provided that one man — ^not 
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below the rank of a Foreman — ^be stationed at the open 
manhole, not to leave it so long as it is open. An open 
manhole, whether fenced or iinfenced, should never be left 
without some one on guard to prevent accidents, and the 
guard should not leave it so long as it remains open. 

Workmen should on no account enter a manhole, except 
under the immediate orders and in tlie presence of the 
Chief Inspector, Inspector, or Sub-Inspector, or of a 
muccadum who has satisfied the Chief Inspector that he 
understands (and is competent and may be trusted to apply) 
the tests prescribed in these rules for determining the 
quality of air in a sewer. 

Workmen should on no account go up a sewer beyond 
the manhole, except under the orders and in the presence of 
the Chief Inspector, Inspector, or Sub-Inspector. 

The first duty of the person in charge of men entering 
a sewer, drain, or manhole is to see that he has supplied 
himself with the following appliances: — (a) chemical test 
papers; (b) lights; (c) bamboos; (d) windsails; (e) strong 
ropes and cords ; (/) diver's air pump (or blast-fan) ; (g) air 
tubiog; and (A) picks, phaoras (native shovels), pails, 
gamels, and whatever implements may be required for the 
actual work. 

Not less than six manholes — at least, two in each direc- 
tion, above and below — should be open when it is intended 
to enter either a sewer or a manhole. 

The following sketch of a sewer with a series of six 
manholes in succession (A, B, C, D, E, & F) illustrates 
the system to be adopted:—^ 



All the six manholes should be open for free ventilation 
for an hour or more before a man enters a sewer or a 
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manhole. At B and also at E a windsail should be erected 
with the flaps kept extended towards the direction from 
which the wind blows. The work should commence either 
at C and proceed towards D or at D and proceed towards 
C. Assuming that the work begins at C, then a diver's 
air pump or blast-fan, with a flexible air tube, should be set 
up at C and kept constantly at work. Before a man enters 
a manhole, the air pump or fan must be worked for five 
minutes, and before going into a sewer beyond the man- 
hole for ten minutes. 

A competent man, according to the instructions con- 
tained in the above rules, should be placed in charge of the 
work, and he should satisfy himself by inspection at first 
and from time to time afterwards that the sewer is not 
dangerous to work in. 

It should not be overlooked that although near a man- 
hole the air may be pure, yet further within the sewer it 
may be fatal to life; and if a fatality occur, it is as well 
to remember that a charge of culpable negligence may be 
brought, and very rightly, against an officer who orders a 
man to work in a sewer in which proper precautionary 
measures have not been taken. 

Before the following tests are applied, the silt deposit 
at the bottom of the manhole should be first thoroughly 
stirred up with a rod or bamboo so as to agitate and dissi- 
pate the noxious gases, which would otherwise be a serious 
source of danger when disturbed by the workmen's feet. 

Chemical papers for testing the presence of sulphuret- 
ted hydrogen gas should always be used. 

If a paper, after five minutes' exposure in the sewer, 
turns a deep brown or black, the sewer is dangerous to 
work in, and further ventilation should be allowed 6uid the 
test repeated before entrance is permitted. 
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If the paper test is satisfactory, a light may next be 
let down into the sewer by means of a cord running over 
the end of a staff. The light should be a naked light, that 
is to say, if placed inside a lantern, the door of the lantern 
should be open. This being a test not only for choke damp 
but also for combustible gas or fire damp, no one should 
stand near to or over the manhole while the test is Being 
applied. If the light bums unnaturally or goes out, the 
men should not descend. 

Even if the tests have been made and found satisfac- 
tory, no man should go down with a naked light, but only 
with a Davey Safety Lamp ; and one such lamp, if men are 
working in a covered part of the sewer, should always be 
kept 20 feet in advance of where the men are at work and 
they should be cautioned to observe that it burns properly. 
If it does not do so or goes out, the men should all return 
to the nearest manhole immediately and ascend to the 
surface. 

No man should be allowed, on any pretext whatsoever, 
to be in a manhole or sewer with a naked light, and on no 
occasion should he smoke in the manhole or sewer or strike 
a match. 

No man should enter a manhole when the sewage is 
above the crown of the arch of the sewer or the top of the 
pipe ; but if it be absolutely necessary to do so, the greatest 
care should be taken to watch the sewage, and in the event 
of its falling to within 2 inches above the crown of the arch 
or top of the pipe, the men should immediately come up and 
not re-enter the manhole until fifteen minutes after the sew- 
age hsks fallen below the crown £«id fresh tests of the condi- 
tion of the sewer have been applied. 

Each man should be fastened by a stout rope passing 
under his armpits and with a knot against his spine: 
the rope should be kept from slipping down to the lower 
part of the body by means of short pieces of cord passing 
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over the shoulders. The foremost man should have the end 
of the tube supplying fresh air from the fan always a little 
in advance of him, and should carry it himself if pos- 
sible; but if the latter be not found practicable, another 
man should be employed to carry the air tube. 

In any case, one man should always be stationed at the 
bottom of the manhole to give an alarm and render assist- 
ance if required. 

The men should be cautioned that if they feel any diffi- 
culty of breathing (or feel miwell in any respect), they 
should not remain in the sewer but come up' immediately. 

No man should be allowed to remain in a sewer more 
than half an hour at a time. 

At least three men should be stationed on the surface 
of the manhole from which work is being carried on. 

When the work has been completed from C to half 
the distance between C and D, the work should be begun 
from D and proceeded with towards C, similar arrange- 
ments and conditions being observed. 

These instructions for executing the work between C 
and D apply, to carrying out the work between any other 
two manholes, the windsails, air pump, or fan and other 
appliances being moved as required. 

If an accident occur, every person in the sewer should 
be brought to the surface as rapidly as possible, and wKilst 
they are being so brought out, crowding around the man- 
hole should be prevented, because a crowd would check 
the escape of foul air or the entrance of fresh air. 

If any person brought out of the sewer is insensible 
and medical attendance cannot be immediately obtained, 
some of the following should be adopted: — (a) Loosen all 
clothes about the body; (6) dash water on the face, which 
should be turned towards the wind ; (c) lay the man flat ;pn 
his face with one of his arms under his forehead, and (d) 
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opent his mouth, draw his ^tongue forward, and cleanse his 
mouth and nostrils with water, or (e) turn him on one side 
while supporting his head, and turn him back again on Eis 
face: if breathing does not commence, (/) turn him again 
gently on to one side and then oh to his back ; (fi) raise his 
head and shoulders; (h) grasp both his arms just above his 
elbows and draw them gently but firmly upwards, and keep 
them in that position two seconds ; (t) lower his arms and 
press them gently against his sides ; and {j ) continue to 
raise and lower his arms as described until breathing is 
restored or until the man is placed in charge of a doctor: 
if breathing be restored before the doctor arrive, (k) 
rub the man dry and wrap him in warm dry clothes ; (/) 
do everjrthing possible to restore warmth and circulation; 
and {m) as soon as the man can swallow, give him warm 
water or any kind of diluted spirits to drink. 
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PUBLIC CONVENIENCES. 

All Eastern towns of any size should be supplied with 
public conveniences in the shape of latrines and urinals, as 
otherwise road-side drains or odd comers would be made 
use of, and these in a tropical climate soon become offensive. 

Generally, far too few conveniences are provided; and 
that this is the case even in Bombay is evident from the 
use made of those that do exist, it being not uncommon to 
see persons awaiting their turn outside latrines and urinals. 
There is no doubt also that these conveniences serve the 
double purpose of preventing the conmiittal of nuisances in 
the streets and of educating the lower classes to the neces- 
sity for sanitation and to the desirability of decency. It is 
almost incredible, but none the less true, that a large 
number of the poorer classes still require positive assistance 
in such an apparently obvious matter as the ^orrect direc- 
tion to face when using privies. Two devices are commonly 
employed for this purpose: a small looking-glass fixed on 
the front wall of the latrine, about three feet from ground- 
level ; or the mark of an outspread hand painted in red by 
means of a stencil. The vanity inherent in the very 
humblest human being makes certain that the glas^ will 
be faced with keen inquiry; while religion ensures, among 
Hindus at least, that the back will not be turned to the sign 
of the hand. The imprint of the open hand has long been 
regarded by both Hindus and Mahomedans as a sign of 
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plenty, and when placed on the wall of a building, it is 
supposed to invoke a blessing not only on such building 
itself but also on the inhabitants thereof. In consequence, 
many castes will not voluntarily turn their backs on so 
suspicious a sign. 

The word " latrine " is used to describe a convenience 
on either a dry or a water-carriage system. For facilities 
in carriage, latrines are usually constructed of corrugated 
iron with an angular iron framing : but it is not a desirable 
form of construction, particularly up-country, where during 
the hot season the iron gets so heated as to be quite im- 
usable. The construction with wooden frames and brick 
nogging, though slightly more expensive, is decidedly 
better. 

Dry Pattern Latrines.— The following are the 
descriptions of a few dry pattern latrines, for use in connec- 
tion with cess-pools or sewerage systems, which have been 
widely adopted in India. 

One of the simplest is probably that shewn on Plate 18, 
and known as the "Horbury Patfem Privy." This is 
constructed of corrugated iron sheeting fixed to an angle 
iron framing; the squatting plates are of cast iron and the 
sewage receptacles are ordinary iron buckets, generally 
well-tarred or dammered and easily removed on opening 
the flap door at the back. The flooring of such privies 
should be cemented or paved. 

Another latrine which has found favour is the 
Donaldson pattern, as shewn in Plate 19 : these Have been 
principally used in Bengal and Madras. It will be noticed 
from the design that the liquid — ^which is separated from 
the ^lids — is passed by means of a drain into a covered 
tank or reservoir, while the solids fall into a receptacle. 
The superstructure of the latrine is corrugated iron bolted 
to T and angle iron. All floors and surfaces are finished 
with Portland cement. 
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Plate 20 shews an ordinary type of privy much in use 
and constructed of wooden posts and Brick masonry. In 
this privy the solid matter is retained in a cane basket 
about IB inches in diameter and 12 inches high, the inter- 
stices of which allow fluids to pass out and flow over the 
cemented floor into a trap jdxed on a pipe drain, which is 
connected to a cess-pool or a sewer according to circum- 
stances. The cess-pool should be constructed underground, 
of brick masonry, plastered with cement, and of a capacity 
below the level of the inlet pipe, equivalent to three cubic 
feet for every seat of the privy. It is covered with a cast 
iron or wooden cover and is ventilated by means of a 3-inch 
cast iron pipe, fixed in a convenient position and finished 
with a T head. 

A basket can hardly be called a satisfactory receptacle, 
as in no possible way can it be kept thoroughly sanitary. 
The division of the solid matter from the fluid in this way 
is most undesirable, because not only is the outside of the 
basket fouled, but also a large portion of the cemented space 
on which the basket is placed, and if this is not constantly 
flushed, it becomes a source of considerable nuisance ; while 
flushing causes large quantities of water heavily charged 
with night-soil to pass into cess-pools or drains not intended 
for such fluid. This is a frequent source of great nuisance. 

Plate 21 gives a drawing of a range of the Crawford 
System Latrines, so called because they were introduced by 
the Bombay Municipality when Mr. Arthur Crawford was 
tSe Municipal Commissioner. In this class of latrines the 
solid and the fluid matters arc collected in one bucket, the 
contents of which are removed by hand daily or more 
often if necessary. This is more sanitary than the basket 
system, and provided the buckets are regularly and fre- 
quently emptied, there is little objection to this method. 
No connection from the latrine to a cess-pool or sewer is 
required, the whole of the excreta, both liquid and solid, 
being removed by hand. 
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Plate 22 shews a range of Improved Dry-system 
Latrines which are similar to the Crawford System, but 
differ in so far that the receptacles for the solid and fluid 
matter are covered with iron perforated covers. 

In both the above latrines, the sloping shoot, which 
is usually constructed of wrought-iron, requires to be daily 
cleaned and brushed by the attendant in charge of the 
latrines. The shoots, as also the receptacles and their 
covers, should be well tarred or dammered from time to 
time. Tar is credited with considerable and lasting 
deodorising and antiseptic properties, and every application 
not only probably exerts these influences but covers up with 
an impervious skin any offensive matter that may have 
sometimes deprecated, there can be no doubt that, for the 
special purposes for which it is recommended, it at present 
stands without a rival. Both latrines can be economically 
constructed on a masonry or concrete foundation with a 
cement flooring, the superstructure being of light angle 
iron standards with sides and roof of corrugated or sheet 
iron. 

The size of a range of dry pattern latrines, ue., the 
number of seats it is to contain, is best arrived at by 
determining the population likely to use the latrines per 
day and allowing one seat for every twenty adults. 

A convenient way of constructing a range of latrines 
is to place them back to back, those for males being on 
the one side and those for females on the other, with a 4-foot 
paved gully between for the removal of the basket or 
buckets and for cleaning purposes. 

Latrines on Water-Carriage System.— Where- 

ever possible, latrines on the water-carriage system are to be 
preferred to those on the^ dry-system. Many forms of this 
class of latrine have been tried in Bombay with varying 
success, and of late years very great improvements have 
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been made. It is only recently that manufacturers have 
constructed a porcelain or glazed stoneware pan of a shape 
agreeable to the natives of India. Previously cast iron 
was used, and sometimes stone of concrete. This cast iron 
pan was never very successful, for it was difllcult to keep 
it clean, and as it could not possibly be made entirely 
smooth, it soon Lecame coated v/ith f cecal matter. The 
cast-iron pan is now practically obsolete, the porcelain or 
stoneware pan being largely used in both public and pri- 
vate water-carriage latrines in Bombay. 

The compartments of a latrine are usually built 2 feet 
6 inches by 3 feet — a size found to be sufficiently large. 
(In one town in India a latrine was built with much larger 
compartments and attained an altogether unexpected degree 
of popularity, it being used as residential quarters.) 

Each compartment is usually provided with a three- 
gallon flushing-tank, fitted with a pull-off chain and a ball- 
cock ; but it has been found that these chains were constantly 
being jerked off and stolen, and later a rod was substituted 
for the chain, but with no better success. Finally, automa- 
tic flush tanks were successfully substituted for these pull- 
off flushing tanks; but this class of flushing tank, unless 
carefully watched, is very wasteful as regards consumption 
of water. It should be carefully adjusted to discharge 
four times daily, or as many more times as circumstances 
may shew to be necessary. On the top of each range of 
compartments is placed a water-storage tank running the 
whole length of the latrine, fitted with a ball valve and 
containing about 600 gallons, so €W to provide a storage 
of water for the latrines in case of an interrupted supply 
from the water main. This storage tank may not be neces- 
sary in all places or if a constant supply in the mains can 
be depended upon. 

Plate 23 gives a drawing of the newest water-caariage 
system latrine now in use in B6mbay. In this a porcelain 
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pan is substituted for the antiquated cast iron form, and 
the inside of each compartment is lined to a height of three 
feet with white glazed tiles. Each latrine is fitted with a 
threergallon automatic flushing tank, fixed on brackets at 
such a height as to be out of reach of interference. The 
soil pan is flushed from the front and also by mean^ of a 
flushing rim, which surrounds the top of the pan. Foot-rests 
are- also provided in the proper positions for the users to 
squat on. The special trap used in the old pattern latrine 
is here done away with, and the contents of the pan are 
discharged through an ordinary trap direct into the pipe 
drain. 

Brass is especially esteemed by the natives of India, 
and it is not uncommon in these latrines to find brass 
handles and other fittings stolen. For that reason all 
fittings should be preferably of iron and bolted to their 
places. 

In connection with an installation of latrines, it is 
desirable to provide a few small seats in the enclosed space 
for children. A properly paved and drained wasning 
place is also necessary, the water-supply pipe being fitted 
with an ordinary brass plug lap. 

In public latrines on the above system, it is usual to 
fix the number of seats on the basis of one seat for every 
fifty adults who are likely to use the latrines per day. 

Trough Pattera Latrines.— In some places it will 
be found that trough pattern latrines have advantages 
over those on the water-carriage system just described. 
They are more suitable when required to accommodate large 
numbers of people, and for that reason are especially adapt- 
ed for Mills and Factories. 

There is practically no limit to the number of persons 
who may make use of a trough latrine daily, and there 
are no fittings which can be in any way tampered with. 
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The structure can be made of corrugated iron or some 
such cheap material or masonry, latrines built of the latter 
material being naturally more lasting. 

Plate 24 gives a drav/ing of a trough pattern latrine, 
which has given general satisfaction. In this latrine a 
depth of six inches of water always remains in the trough, 
which is generally constructed of a half 6-inch or 9-inch 
stoneware-pipe according to the number of seats. 'J he 
trough is, automatically or at will, flushed from a BO-gallon 
flushing tank placed at its higher end. The form of the 
pan at its top is similar to that of the water-carriage latrine 
last described, with the lower half cut away, and is without 
any kind of trap. When this pattern of trough latrine was 
first tried, it was found that the users got splashed, and 
for this reason natives had a great objection to it. The 
trouble was, however, got over by hstnging a small iron 
plate under the pan and just above the normal level of tho 
water in the trough, sa that, when the flushing tank dis- 
charged, this plate became completely covered and cleansed 
of any solid matter on it. This arrangement has been 
found satisfactory and has removed the original objection. 
These latrines are simple and economical and, for public 
use among the poor and more uneducated classes, are 
perhaps the best. 

Plate No. 2B shews an improved Trough Pattern 
Latrine. Each compartment is provided with a glazed 
earthenware pan, the outlet of which is connected by a 
glazed stoneware pipe to the trough. 'The invert of the 
trough may be constructed of a four-inch glazed channel 
pipe, for any number of compartments up to ten: above 
that number, a six-inch channel pipe should be used. 

The invert of the trough should be level with a weir 
at the outlet and so adjusted as to retain 2 J inches of 
water in the trough. Care should be taken to have the 
invert of the outlet pipe from the pans level with the water 
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line in the trough. The trough is flushed by means of an 
automatic flushing cistern of the capacity of five gallons for 
any number of pans up to five; and above that number the 
capacity of the flushing pistem should be increased at the 
rate of one gallon per each additional pan. 

The working of this latrine is much assisted by the 
flow from a bathing platform or by a smk being drained 
into and through the trough. In some cases, such a flow has 
been found to be sufficient to efficiently flush the trough. 
Several of these latrines are in use in various mills in 
Bombay and have so far proved quite sanitary. 

The Author considers that many of the objections to 
a trough latrine have been overcome by this improved 
pattern. 

Urinals. — ^As in latrines, so in urinals, great strfdes 
have been made in Bombay towards securing greater sani- 
tary efficiency. One of the earliest urinals constructed in 
Bombay, and one that was in use for many years, is shewn 
m Plate 26. This urinal is for the most part constructed 
of iron and may be of any length and of various shapes. 
The compartments may be divided by wrought-iron parti- 
tions five feet in height. The pan of the urinal, which can 
be continuous from end to end, holds water which at the 
greatest depth is 6 inches. The users squat, as is the 
distinctive custom in India, on slightly raised iron-steps, 
and the urinal is flushed from an automatic over-head tank 
of a sufficient capacity at each flush to displace the whole 
of the standing water in the urinal. 

Plate 27 shews a circular urinal on this system. 

This type of urinal was never quite satisfactory, as, 
being almost entirely constructed of iron, it rusted rapidly; 
while it was not possible to keep it in a sanitary condition, 
as it lent itself to misuse as a latrine, for which it was 
manifestly not suitable. These urinals were almost the 
first public urinals constructed in Bombay, but they have 
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been nearly all replaced with the new pattern hereinafter 
referred to. 

The newest form of urinal used in Bombay is shewn 
in Plate 28. It is a trough pattern and was designed by 
the Author in conjunction with Colonel T. S. Weir, I.M.S., 
late Health Officer to the Bombay Corporation, and is 
known ag the " Combined Constant Flushing Urinal." 
The trough is of white porcelain, and tEe front is lined 
with glazed tiles to a height of 3 feet 6 inches or as far as 
the copper .flushing pipe. The urinal is flushed continu- 
ously from a tank placed on the top of the structure and 
extending nearly its whole length. The size of the water- 
supply tank may be calculated on the basis of 50 gallons 
per division per day, so that, if the urinal has four divisions^ 
the tank should hold 200 gallons. All parts of the trough 
and the front wall continually receive a small stream of 
water. The partition walls, which are marble slabs, are 
2 feet 3 inches apart and 6 feel in height. The contents 
of the urinal discharge through a trap placed at the lower 
end and connected with the sewer. The name " Com- 
bined " was given to this urinal, because of the great 
advantage of its being able to be used sanitarily either in 
a standing or squatting position, and is thus suitable for 
all races. From time to time, the trough and the front 
require to be cleaned with a dilute solution of sulphuric 
acid in order to remove stains, which after a while discolour 
the glazed surfaces. The urinal has been a success and is 
undoubtedly the most sanitary for general purposes yet 
constructed in Bombay. Many have been built in the City 
in various positions, and Plate 29 shews one placed in the 
angle of a wall. 

The cost of such a urinal is somewhat greater than 
that of the old cast iron pattern, but being a combined 
urinal, its advantages greatly overweigh the slight extra 

expense. 
t 
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The use of continuous flushing for urmals has of late, 
to a large extent, been discontinued in England and periodic 
flushing substituted, because of the large amount of water 
used by the former ; but in' a country like India, it is not 
advisable to economise water in a public convenience. 

Plate 30 gives a useful design for an underground 
public convenience after the pattern used in London. The 
depth of the structure underground, from the surface of 
the road to the floor, is 7 feet, it being also 1 foot 6 inches 
above the surface of the ground ; but tho underground depth 
can, if necessary, bo greater, the level of the connecting 
sewer governing that point. Tlio place is lighted by means 
of Ilayward's Patent Glass Ligfhts inserted in the roof. 
Steps are provided on one side for the entrance to and the 
exit from the structure. It contains two separate water- 
(jlosets, one for Europeans and the other for Natives, and 
two hand-washing basins. Conveniently situated and next 
to the native water-closet is a washing-place fitted with a 
stand-pipe for obtaining waiter for ablutionary purposes. 
There are also provided six Combined Constant Flushing 
Urinals, three on each side, and a small ornamental drink- 
ing fountain is placed at the bottom of the stairs leading to 
and from the structure. The whole installation is complete* 
both for Europeans and Natives, and should prove to be 
a very useful convenience in the business part of a large 
town. For the use of a water-closet a small charge could 
i>e levied to meet the wages of the attendant in charge. 
Some artificial method of ventilation is almost indispensable 
in an Indian city for such a structure, and possibly the 
simplest would be by means of shafts topped with revolving 
cowls. 

Plate 31 shews a useful and complete above-ground 
installation of public latrines, urinals, and washing places 
with a well-paved and drained enclosure. This and similar 
installations have been constructed and are in use in 
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Bombay, and have all the necessary conveniences for both 
sexes. A partition divides the latrine into two parts for 
tJie different sexes, each side being supplied with its own 
washing-place. The latrines themselves are on the newest 
pattern as shewn in Plate 23. 

Such an expensive class of latrine for use in all parts 
of the city is not recommended. In crowded and poor 
districts a trough pattern would be preferable, both on 
account of its lesser cost and because of its greater sani- 
tariness under careless usage. 

Discretion is necessary in deciding on a pattern and 
size of public latrines, as certain classes of people will 
not use them under any circumstances and certain classes 
are not yet sufficiently educated to use them properly. 

Night-BOil Depots. — In no Indian city has the in- 
troduction of water-closets in private houses yet become 
universal or even common. In Bombay, in by far the 
larger portion of the city, night-soil is removed by hamd, 
<'ither in tarred baskets or in carts into which the baskets 
are emptied, and taken to the nearest night-soil depot and 
discharged into a sewer. 

Plate 32 shews a complete night-soil depot as now used 
in Bombay. The carts are backed across the set stone 
paving to the stops, mitil the discharge pipe is over the 
opening of the hopper. In the latter is fixed a grating, 
the bars of which are set dose enough to prevent road 
metal and tiles from passing through them. The hopper 
discharges into a central tank, called the night-soil tanjv, 
with which is connected ii masonry water tank, provided 
for flushing purposes. Running the whole length, and 
about 7 feet high above the night-soil tank, is fixed a water- 
supply pipe with two branches, one over each hopper for 
Husliing it and its surroundings and for cleansing the ca^t 
if necessary. An ample supply of water is an absolute 
necessity in a night-soil depot of this description, for it ia 
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requisite to thoroughly dilute with water the contents of a 
night-soil cart before discharging them into the sewer. 
The final discharge from the night-soil tank into the sewer 
is arranged by opening, by means of a lever, a penstock 
fixed at the lower end of the tank. 

Plate 33 shows a useful night-soil depot or Excreta Dis- 
poser of small size, designed by the Author several years 
ago, used exclusively for the emptying of baskets, 
and time and experience have proved the suitability 
of this appliance. It consists of a tank holding BO 
gallons of water and divided into two compartments. 
The smaller compartment is fitted with an ordinary 
annular siphon, the inlier leg of which is trapped at 
the bottom and discharges into a branch drain in 
connection with the main sewer. Fixed on the top of 
the other compartment of the tank is a funnel of a size 
sufiicient to take at its top a night-soil basket, which, being 
inverted, rests on a ledge on the inside of the funnel. An 
automatic three-gallon flush tank is connected to a flushing 
rim at the fop of the funnel and serves to keep the funnel 
clear of night-soil. The basket, after being emptied through 
the funnel into the tank, is flushed by means of the upright 
water pipe, which shoots the water jet into the basket, 
thoroughly scouring its sides. The main tank is designed 
to dispose of three baskets of night-soil for every discharge 
of BO gallons of water. Great care must be taken to see 
that the water pipe supplying the jet for cleansing the 
basket is so cut off from the water mam as to prevent any 
possibility of it in any way becoming contaminated by 
night-soil. This should be preferably done by fixing a 
supplementary tank at such a height as to give the neces- 
sary pressure to the jet for cleaning purposes. 

Washing Places.— Plate 34, Pig. l, shews a design 
of a public washing-place. Such an installation should be 
paved with stone laid on concrete and jointed with cement. 
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The paved space is usually divided by a central wall into 
two compartments, one side being reserved for males and 
the other for females. On each side of the wall is fixed a 
water-supply pipe with taps at convenient distances, an 
open channel being constructed at the bottom of the central 
wall for the discharge of the water, which drains at the 
lower end into a trap on a branch pipe drain connected 
with the nearest sewer: the paving on both sides is sloped 
towards this open channel. Around the whole of the out- 
side of the paving should be fixed a line of curb stones, 
rising four inches above the pavement. 

Cab Stands.— Plate 34, Fig. 2, shews the construc- 
tion of a cab stand for a public street. The pavement in 
this case should be always of set stones. The stand should 
be 6 feet in width with a slope of 2 inches from either 
side towards the centre. In the centre a cast-iron trough, 
4J inches deep by 5 inches wide, is fixed, running the 
whole length of the stand and having an opening at the 
top, one inch wide, to admit drainage. This metal trough 
should have a slope of 1 in 100 to one end and be there 
connected by a trap and a branch-pipe to the nearest sewer. 
Cab stands may be of any length to suit circumstances, 
but if of greater length than about 200 feet, should be 
drained in sections. 

Public Dhobi Ghat. — Plate 36 gives a drawing of 
a public Dhobi Ghat or place for washing clothes. Such 
a Dhobi Ghat can be made of a size to accommodate any 
number of dhobis or washermen. The central channel 
marked A in the section, is a general water tank fitted with 
a ball-cock to maintain the level of the water. B B are 
small tanks opposite each compartment, from which the 
d&obi obtains the necessary water for washing purposes 
and are filled by hand from the general water tank 
A. The stone on which the clothes are beaten is marked 
C, the covered shed being for the bhutTi or boiler. The 
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whole of the ghat is constructed of stone paving set on 
concrete and jointed with cement. A small charge per 
month is made for the use of each compartment. A Dhobi 
(ihat, as above described, is a desirable institution in every 
Indian town which has a water-supply and a drainage 
system, in order that all public places where clothes are 
washed may be brought under supervision and conducted 
with due regard to cleanliness and proper drainage. The 
filthy conditions under which clothes are generally washed, 
where no supervision is exercised and no suitable accom- 
modation provided, cannot fail to be a fruitful source of 
danger to public health. 
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HOUSE CONNECTIONS. 

Thb general principles of Eoiise connections adopted 
in Europe require considerable modification before they can 
be adapted to the peculiar ccmditions oT)taining in most 
Eastern Cities. It is desirable, therefore, before describing 
the best system of house-drainage connections for Eastern 
Cities, to give a short description of a tj^ical house and 
the manner in which the towns are often laid out: 
Large buildings abound, in which it is not unusual to find 
as many as twenty rooms on each floor, each occupied by 
a different tenant or tenants, and each furnished with a 
nahani or washing-plaoe, known in some localities as 
a mori. In the bazaars and other thickly populated 
parts, these houses are often separated only by narrow 
passages or gullies, which are provided both for drainage 
purposes and as a means. of access to the privies, while the 
streets are generally narrow and badly paved ; and to keep 
such localities healthy and sanitary is obviously no light 
task: refuse and rubbish, to save trouble, are generally 
thrown out of the nearest window, and the consequence of 
this practice, combined with the fact that the washing- 
place which is provided in nearly every room is by no 
means always confined to the purpose for which it is 
intended, is that the gullies between the houses soon get 
into a filthy condition and a large staff of scavengers has 
to be maintained by the Municipal authorities to clean and 
flush them. 
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The first method adopted for dealing with these gullies 
in Bombay was as follows: — A 6-inch stoneware pipe drain 
was laid in the gully and disconnected from the sewer in • 
the street by means of a running siphon ; each waste-water 
pipe discharged into a trap placed at the foot of it, and 
was connected to the 6-inch pipe drain by a 4-inch pipe; 
traps connected with the 6-inch pipe drain were also pro- 
vided for the privy sullage and a 2J-inch cast iron pipe was 
fixed at the higher end of the pipe drain for ventilating the 
same: the whole surface of the gully was finished eitlier 
with stone paving or with cement plaster. 

Tliis system was generally found unsatisfactory, as the 
traps and pipe drains quickly choked with household rub- 
bish or refuse from the nahanisj which resulted in the 
paving being flooded and the general condition of things 
being no better than if no pipe drain existed. In time, 
owing to the constant sweeping and flushing, the stones 
forming the pavement of the gully became uneven, the 
joints opened, and the sewage and sullage soaked into the 
foundations of the houses. For such a class of property, 
situate in the heart of a thickly populated city, it was 
necessary, therefore, to design some better system. 

The system now prevalent, and one that has given 
great satisfaction, is to construct open drains in all such 
gullies. These, open drains, which are more fully described 
hereafter, are 4 inches wide by 10 inches to 11 inches in 
depth and are constructed at a gradient of not less than 
1 in 100. They have the great advantage of being easily 
swept clean, and, though rubbish may choke them, it can 
only do so temporarily. 

It is most essential that proper care should be taken 
to prevent gas and foul air from the sewer entering the 
houses. This is more important here than in Europe, not 
only on account of the greater quantity of the sewer gas 
generated, but also because the tenants of the house often 
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live, eat, and sleep in the room where the nahani with its 
pipe connection is situated. 

The depth of the seal in any trap for house drains in 
India should never be less than three inches. Traps can 
never be absolutely relied upon, and should be regarded 
more in the light of a necessary evil, which it seems impos- 
sible at present to improve upon: they fail from various 
causes, such as sewer gas forcing its way through them 
under pressure, evaporation of water in the trap, siphonage 
due to a piece of rag or paper being caught part way, and 
from the water being removed on account of a partial 
vacuum due to a sudden discharge of water down the pipe 
connected with them. 

Under any circumstances, house connections are an 
expensive item, and they should therefore be kept as simple 
as possible consistent with efficiency. 

The following few rules may be conrfdered to be 
applicable to general house-connection work in India, when 
for any reasons it is preferable to use pipe drains: — 

The branch pipe drain connecting a house with the 
street sewer should be always of well burnt stone- 
ware and of a minimum size of four inches in dia- 
meter, while the gradients of such pipes should not 
be less than 1 in 60. 

All such pipe drains should be laid in straight lines 
with true gradients from one inspection chamber to 
the other. An inspection chamber should be con- 
structed at over}' angle in the drain and on long 
straight lengths at distances of 100 feet. 

All pipes should first be laid and fitted dry, previous 
to any jointing being done. All joints should be 
caulked with tarred gasket in one length, sufficiently 
long to entirely surround the spigot end of the pipe, 
the gasket being driven in as far as possible into the 
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joint. The joint should then be wetted, and neat 
Portland cement forced in until the whole space 
around the spigot is quite full, the jointing being 
completed with a splayed fillet of pure cement being 
laid all round it. 

Before being covered, the joints of the pipe drain 
should be tested for water tightness by closing the 
lower end of the length of pipes and filling it with 
water to the level of six inches above the top of the 
highest pipe. If the level of the waiter does not fall 
within one hour, the joints may be considered satis- 
factory. 

All inlets to pipe drains should be trapped with the 
exception of those used for ventilation. 

The higher end of the pipe drain should be finislied 
with, preferably, an inspection chamber provided 
with a ventilating pipe. 

Excessive and unnecessary depth of excavation should 
be avoided. 

In the event of a satisfactorj' gradient not being obtain- 
able, arrangements for sufficient flushing to produce 
a self-cleansing velocity must be provided. 

Plates 36 and 37 shew, respectively, the class of stone- 
ware and cast-iron pipes and fittings used in house-connec- 
tion works in Bombay. It has been the practice to use 
6-inch pipes for all branch drains, except those of very 
short lengths. This size is in many cases, theoretically, 
too large for the maximum amount of sewage which the 
pipes will ever be called upon to discharge, but is adopted 
for the reason that so much solid matter in the way of sand, 
ashes, and vegetable refuse is discharged into the branch 
drains, that pipes of less diameter would constantly become 
choked. 

The intercepting sewer trap shewn m Plate 36 is one 
of the most necessary and useful traps in use, and whether 
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the open or closed system of pipe drains is adopted, a house 
where this is not provided cannot be considered to be pro- 
perly drained. It is usually fixed in an inspection chamber 
built at the lower end of the house pipe drain, of a size 
sufficient to allow of a cleaning rod being easily mani- 
pulated. It is provided with a cleaning eye, by means of 
which any obstruction in the drain between the trap and 
the public sewer in the street can be removed without 
disturbing the surface of the road. 

The question whether the intercepting sewer trap is 
or is not desirable, has been freely discussed among Sanitary 
Engineers. This particular kind of trap was introduced 
shortly after the illness of our present King (then Prince 
of Wales), which was attributed to bad drainage. There 
are many Sanitary Engineers who blame this trap for an 
increase in the foulness of sewer air and assert that it 
should be discarded. Certainly, the trap, especially when 
connected to a 6-inch pipe drain, is not often completely 
flushed out, and organic matter in course of putrefaction 
remains in it and becomes very offensive. In colder 
climates there may be good ground for dispensing with 
it ; but in the East, with its high temperature, the Author 
deprecates its removal and considers that no house drainage 
is complete without its presence. The disadvantage of 
the putrifying matter is far outweighed by the advantage 
of keeping the sewer air from passing into the branch 
drain. 

There are various kinds of junction pipes shewn in 
Plate 36. Such junctions should either be quadrant or 
oblique; and the use of T junctions should be avoided, be- 
cause these direct the flow of sewage at right angles, instead 
of obliquely, in the direction of the flow of sewage in the 
main pipe. 

The 6 inches by 6 inches stoneware trap, with a 4-inch 
outlet, is a common and useful fitting ; and where a closed 
pipe drain is the main conduit for conveying the house 
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sullage to the sewer, one should always be inserted at the 
bottom of every waste water down-take pipe» to receive the 
sullage from nahani and washing places. 

All waste water pipes should be 3 inches in diameter 
and the joints should be made air-tight with a mixture com- 
posed of Portland cement, boiled oil, and chopped hemp, a 
ring of tarred gasket being first inserted into the joint. 

Soil pipes should be universally 4 inches in diameter. 
The thickness of waste water pipes and soil pipes will vary, 
but it should not be less than l/8th of an inch in the case of 
the) former and 3/16ths of an inch in that of the latter. 

The trap shewn in Plate 37 is inserted in a nahani to 
prevent the foul air in the down-take pipe from entering the 
building. 

All cast iron pipes and fittings used for house drainage 
purposes should be coated with Dr. Angus Smith's Solution 
before use. 

The following is the method by which pipes are coated 
with this solution: — 

A tank or bath required for the above process should 
be of suflScient capacity to allow of the complete 
immersion of the largest size of pipe to be coated, 
and should be externally fired in silch a manner 
that the heat from the furnace is evenly distributed 
over the bottom of the tank. 

The coating mixture is made from coal pitch, distilled 
until all the naphtha is removed, or what is known 
as Burgundy pitch, and 6 per cent, by weight of 
boiled linseed oil. Pitch which becomes hard and 
brittle when cold, should be rejected. 

The pipes, which must be thoroughly clean and free 
from rust, are immersed in the bath when- its tem- 
perature has risen to 300°F., and are kept there until 
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. they have attained the same temperature ; after 
removal they should be placed on end to drain. 

The bath requires careful attention and should be kept, 
as far as possible, at an even temperature. Over- 
heating will result in the contents boiling over and 
f insuflBcient heat will produce too thick a coating. 

) The mixture will after long use become thick, when a 
I little more oil may be added, but when too thick to 

produce an even and thin coating it should be 
removed and fresh materials substituted. Coal tar 
must on no account be used for thinning, as it will 
cause the bath to foam. 

All inspection chambers should be constructed of 9-inch 
brickwork, internally plastered with a half-inch coating of 
cement and sand (1 to 1). At the bottom of the cham- 
ber a channel with a half round pipe, of the width 
and the full depth of 
the pipe drain, should be 
constructed. The chamber 
should be covered with a 
cast iron air tight frame 
and cover as shewn in 
Fig. 23. Pig. 23. 

The experience after several years' trial in Bombay is 
that the drain for the conveysttice of the house suUage, 
except the street portion, is better open than closed. This 
conclusion has been arrived at on account of the liability 
of the closed drain to chokage, due to the large amount of all 
kinds of solid matter deliberately or carelessly put into 
the drain by the inmates of houses. 

The width of the gullies between houses varies from 
1 foot to 3 feet or more. In the case of narrow gullies 
the open drain may be constructed in tlie centre, any rain 
water falling on the gully being allowed to flow awa)' 
with the suUage. In wider gullies the drain should be 



Digitized by 



Google 



126 



DRAIKAGB PROBLEMS OF THE EAST. [ChaP. IV. 



constructed on one side, sls shewn in Fig. 24, and the 
storm-water channel on the other. In the case where 
two open drains are constructed, one on each side, the 
storm-water channel should be laid in the centre. 

The class of open drain 
found most' satisfactory is 
that shewn in Fig. 24. It may 
be constructed either in the 
centre or on one side of the 
house-gully. The invert is lined 
with 4-inch channel pipes and 
the remainder, which is of 
brickwork, is covered with a 
half-inch coating of cement 
and sand (1 to 1). 

The drain is very easily flushed and kept clean ; and 
at the end — ^between it and the inspection chambers 
which contain the intercepting sewer trap — is constructed 
ii small silt chamber with a cast iron grating as shewn in 
Fig. 25. If these small chambers are regularly emptied, 
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Fig. 25. 

the success of the open drain is assured. The minimum 
gradient at whicli these open drains should be constructed 
is 1 in 100. 

The practice in Bombay is for the house owner to 
construct the house drain up to the boundary of his 
property, as also the inspection chamber with the 
intercepting sewer trap and the ventilating pipe on 
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the street end of the drain: and for the Municipal Cor- 
poration to lay the connecting closed drain in the public 
street. The " street connection," as this connecting drain 
is called, should in all cases consist of a 6-inch pipe drain, 
which is connected to the street sewer by means of a 
junction pipe, or in the event of tliere being no junction 
pipe, by means of a saddle piece as shewn in Fig. 26. 





Fig. 26. 

An open drain is not applicable to any house where 
water-closets are in use. For such houses a closed drain 
must be laid for both sullage and foecal matter as before 
described, or an open drain should be constructed for the 
sullage and a closed one for foecal matter. 

It will be many years before the use of water-closets 
in any Indian City will become general. The habits of 
the people are in many ways not suited to them, and caste 
prejudices often interpose. Wherever practicable, and in 
the case of houses occupied by the higher class of Natives 
and Europeans, water-closets are desirable. Various kinds 
of soil pans for water-closets suitable for Natives are now 
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made, and a more detailed description of those patterns has 
been given in Chapter III. For Europeans, similar soil 
pans to those used in England are suitable here; but pre- 
ference should always be given to a wash-down pattern as 
there is less area to foul. All water-closets, whether for 
Natives or Europeans, should be flushed by means of a 
three-gallon flush tank, a water-supply tank being provided 
in a suitable position. 

In hotels,, clubs, and other institutions, where hand 
basins are provided and urinals, apart from water-closets, 
are generally considered necessary, there is practically no 
departure made in either the construction or method of 
drainage from the ordinary English practice. In build- 
ings set apart for the sole use of Europeans, urinal basins 
are generally used, and for Natives the pattern shewn in 
Plate 23 will be found perfectly satisfactory. Such appli- 
ances should always be placed against an exterior wall, so 
that a length of pipe drain under the floor of the building 
may be avoided. Efficient flushing appliances are essen- 
tial and of course a reliable and ample water-supply is 
imperative. Any thing more offensive and dangerous 
than a water-closet without water in hot tropical weather 
it would be hardly possible to imagine. 

The building bye-laws in Bombay now specify that 
all water-closets and privies should be cut off from any 
living room by at least a three-foot air space on all sides; 
but this rule has only come into force in recent years, and 
in the majority of houses in the City the privies are not 
detached in any way from the main building, but on the 
other hand are often built against an interior wall in a 
convenient position. Plate 38 shews in detail the class of 
privy to be found in most Indian houses. Such a privy, 
from a sanitary point of view, must be considered insani- 
tary. Looking, however, to the present sanitary education 
of the people, it is probably the best arrangement that can 
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be provided when a water-closet is out of place, and it falls 
in with the caste prejudices of the people, who prefer it 
to all other arrangements. The sloping part of the privj'-, 
which receives the night-soil, and the sides should prefer- 
ably be lined with plate glass, as this material is not only 
incorrodible, but foecal matter does not readily cling to its 
surface. 

The privies are usually connected with' a shaft, con- 
structed of brick-masonry, plastered with lime or cement, 
and of an internal measurement of 18 inches by 18 inches. 
But latterly these masonry shafts have Been replaced by 
6-inch stoneware pipes — an undoubted improvement. After 
a time, these shafts must naturally get coated with faacal 
matter and become insanitary, as they have no flushing 
arrangements and their state of cleanliness depends solely 
on the amount of water thrown down them by hand through 
the privies. The shaft discharges its contents into a basket 
as previously described. 

Some years ago, the Author designed and carried out 
an intermediate system to be used in connection with privies. 
This consisted of the substitution for the usual basket of 
a stoneware soil pan at the bottom of the shaft. Into this 
pan everything from the privy was discharged. An auto- 
matic flushing tank was fixed on the wall outside the privy, 
containing from 10 to 20 gallons of water according to 
the number of privy seats. It was connected with the 
soil pan, and on ihe water being discharged the contents 
were flushed through a trap into a branch drain connected 
with the sewer. The soil pan was made of such a shape 
that solid matter, such as stones and tiles were retained in 
it, and the sole work of the sweeper was to remove these 
materials, everjrthing soluble being flushed away. The 
flushing tank, besides being automatic, can also be dis- 
charged at will by the sweeper when only partly full. 

This arrangement proved to be useful and sanitary 
and free from smell, and did away with the hand removal 

9 
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of faeces; but it proved wasteful in regard to the amount 
of water used. 

Plate 39 shews the above system in detail. 

The universal term nahani is used to describe a small 
sink in ah Indian house, with or without a water con- 
nection either inside or outside a roOii), built primarily 
for washing purposes, but often used indiscriminately for 
urinating and defalcating, peirticularly by children. It is 
lisually about 3 feet square, constructed in a comer and 
raised some 4 inches above the surface of the floor, with a 
concrete or brick-work surface plastered with lime or 
cement, and surrounded on the open sides by a small kerb 
or a dwarf wall. AH nahanis are connected to the waste 
water pipe fixed to the outside of the house by means of a 
nahani trap, previously described or a Tee-shaped pipe. 
If the latter is used, tlie discharge into the waste water 
pipe is through a cistern head, but in the case of a nahani 
trap, it is connected direct with the waste water pipe, 
which is carried up above the building as hereinafter 
described. 

Ventilating Pipes. — No house drainage would be 
complete without a regular system of ventilation. The 
theory of ventilation is that (a) the air of the drain being 
at a higher temperature than the external air and there- 
fore lighter, a current is formed through the outlet shaft; 

(b) that the warm air, carrying a certain amount of water 
vapour which is lighter than dry air, causes it to rise; 

(c) that wind blowing across the open end of the outlet 
shaft creates a slight vacuum. On the sewer side of the 
intercepting trap, a 3-inch cast iron pipe should be iixed 
to the drain and carried up the side of the house to a 
height of five feet above ihe eave of any roof that may 
be within twenty feet thereof. The inspection chamber at 
the lower end of the pipe drain should Be connected with 
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a fresh air inlet pipe fitted with a mica valve as shewn in 
Fig. 27. This fresh air inlet pipe should be placed against 



Totfiwei 
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Fig. 27. 

a wall or a post, whichever is most convenient, and should 
be about six feet above ground level. The head of every, 
pipe drain should be ventilated with a 3-inch cast iron 
ventilating pipe, similar to the one hereinbefore described. 
In the event of a pipe drain being more than 100 feet in 
length, a ventilating pipe should be fixed midway and con- 
nected with the intermediate inspection chamber. All soil 
pipes should be carried up to five feet above the eaves of the 
roof. In case of a tier of water closets one above the other, 
a 2-tnch anti-siphon pipe should be taken from each water- 
closet, except from the one on the highest floor, and carried 
up above the roof the same height as the soil pipe. In the 
event of waste water pipes being fitted with nahani traps, 
each of these pipes should be carried up as a ventilat- 
ing pipe five feet above the eaves of the^ roof of the house. 
All such pipes carried up above the roof should be protected 
at the top with a wire dome. 
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Gullies.— As already stated pullies are the narrow 
passages left between houses for drainage purposes and 
also to give" access to the privies and to admit light and 
air. Such gullies should 
always be paved with a 

non-porous stone set in con- r 

Crete and jointed with 
cement, or should be con- 
structed of concrete finished 

off with a coating of cement 

plastering (1 to 1) one inch p^^ gs 

in thickness: the surface 

of the fftdli/ should slope towards the centre as shewn in 

Fig. 28 and also longitudinally towards the street. 

At the lower end of the gully and in the centre of it 
a jump-weir should be constructed as shewn in Fig. 29, 



Fio. 29. 

so that while any ordinary flow of sewage would discharge 
over the jump-weir into a trap connected with the sewer, 
a rush of storm-water would pass over the opening and dis- 
charge into another trap connected with the storm-water 
drain. In the event of its being considered necessary to 
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flush the gully ^ a flushing tank as shown in Plate 40 will 
be found suitable. This tank is fitted with an annular 
siphon and a reverse ball valve and should have a capacity 
of from 20 to 50 gallons. 

All down-take pipes, ventilating pipes, and soil pipes 
should be tested for efficiency and soundness by means of 
the smoke test as follows: — ^A smoke rocket should be 
inserted in the bottom of the cast iron pipe, if it is not 
connected directly with the drain, or, if otherwise, into 
the inlet in the nearest inspection chamber, and fixed there 
so that all the smoke will pass up the pipe. As soon as 
the smoke commences to issue from the top of the ventilat- 
ing pipe, the pipe should be closed at its top end to 
enable the smoke under pressure to find its way out of any 
leaky joints or cracks or perforations in the pipe. 

For house connection purposes, houses in the City of 
Bombay are divided into the following three classes: — 

Class I. — ^Detached houses in compounds. 

Class II. — ^Attached houses without gullies. 

Class III. — ^Houses of all other classiee. 

These classes are further sub-divided into (A) and (B) 
thus: — 

Sub-Class A. — Houses where it is desirable to drain the 
premises by a pipe drain. 

Sub-Class B. — Houses which are not within 100 feet of a 
Municipal sewer. 

Class I. — ^With houses of this class, open drains as 
branch drains should be made use of as far as possible, but 
where water-closets are constructed, then the branch drains 
connected with the closets must be closed. 

Class II. — ^In houses of this class, an open drain is 
not possible, and therefore the closed pipe drain must be 
laid under the building. 
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The conditions laid down in Bombay in regard to the 
construction of drains which have to be laid to pass 
beneath any part of a dwelling house are as follow:— 

" Every owner shall so construct a drain only when 
any other mode of construction is impracticable, and 
not even then without the written permission of the 
Municipal Commissioner. It should be so laid that 
there shall be, between the top of the pipe and the 
surface of the ground under such building, a depth at 
least equal to twice the internal fliameter of the 
pipe drain. 

"The drain shall be laid in a straight line for the 
whole of the distance beneath the building and be com- 
pletely embedded in and covered with good concrete, 
nowhere less thick than 6 inches outside the drain, 
measured in any direction. 

"AT each end of such portion of the drain, beneath 
the building, a 6-inch trap shall be inserted outside the 
building, giving a drop of at least 2 inches into the 
contained water with a 4-inch inspection inlet brought 
up to within 9 inches of the surface, and covered with 
a cast iron grating 9 inches by 9 inches set in a frame 
of stone or timber standing up 2 inches above the 
general surface so as to exclude storm-water. On the 
lower side of the siphon, a 4-inch stoneware branch 
pipe shall be connected with the drain, and brought 
up above the ground and continued with a cast iron 
pipe above the roof of the building for ventilation 
purposes, in addition to such means of ventilation as 
are ordinarily directed to be provided." 

Class III. —In all such houses, the premises should be 
drained by means of an open drain. The only exception to 
this is in the case where one or more sides of a house abut 
on a public road, under which circumstances there is no 
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alternative but to provide a closed pipe drain. In houses of 
this class also, where water-closets are constructed, closed 
pipe: drains must always be laid. 

Sub-Class A. — ^In regard to this class of houses, sanc- 
tion is accorded to owners desirous of having closed drains, 
instead of open, but in such cases the following conditions 
are laid down: — 

"The pipe drain shall be laid at a gradient of not 
less than 1 in BO. The connection between the street 
connection pipe and the branch drain with the inspec- 
tion chamber, the intercepting sewer trap, and the fresh 
air inlet pipe, shall be made at the Kous&^wner's ex- 
pense. Inspection chambers shall be placed at every 
100 feet or less if there is any change of direction, 
and built in accordance with the conditions prescribed 
in the earlier part of this Chapter. The branch drain 
must be ventilated by a 3-inch cast iron ventilating 
pipe, and every ventilating pipe, soil pipe, and anti- 
siphon pipe must be protected at the top by a wire 
dome and carried up in accordance with the conditions 
before laid down. Nahani traps should be provided 
for every nahani except those on the ground floor. All 
waste-water pipes must be of cast iron three inches in 
diameter, and all soil pipes four inches in diameter. 
All soil pans for water-closets must be of porcelain or 
glazed stoneware, provided with a flushing rim and a 
trap of similar material. Every water-closet must 
be provided with a 3-gallon tank for flushing purposes ; 
and in cases of tiers of water-closets, the anti-siphon- 
age pipes must be fixed as hereinbefore described." 

Sub-Class B. — ^In regard to this class of buildings, there 
is at present no law by which the Corporation of Bombay 
can compel the house-owner to connect Es premises with a 
Municipal sewer in the public roads. In such cases it often 
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happens that there is no sewer except at a very considerable 
distance from the house, and therefore, unless it is practic- 
able to sanitarily dispose of the sullage in a garden for the 
irrigation of plants, it must be drained into a cess-pool. In 
a case where a cess-pool is constructed, its capacity below 
the invert of the drain discharging into it should be suffi- 
cient to hold a twenty-four hours' flow. Such a cess-pool 
should be ventilated by a cast iron or galvanized iron pipe, 
not less than three inches in diameter, and of such a height 
as to ensure its causing no nuisance. 

It is desirable to have a cess-pool for privies separate 
from that for nahanis and the size of this cess-pool should 
be calculated to have a capacity of 3 cubic feet per privy 
seat with a minimum of 10 cubic feet. 

Cess-pools should always be emptied once every twenty- 
four hours, and preferably at night. 

Such a cess-pool should be constructed of brickwork 
on concrete internally rendered with a J-inch layer of 
cement and sand (1 to 1). The walls of the cess-pools 
should be brought up to six inches above the surface of the 
ground, so that surface water may not be able to flow into 
it, and covered with an air-tight cover to prevent noxious 
odours escaping. 

No cjess-pools should be constructed within 20 feet of 
any well used for drinking purposes, for although the cess- 
pool may be constructed so as to be perfectly water-tight, 
it is always liable to overflow. 

It is desirable also in houses of this class to make use 
of open drains rather than closed drains. Many instances 
are within the knowledge of the Author where the sewage 
of such buildings has been successfully dealt with by small 
Septic Tanks and Filters or by a series of filters, the 
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effluent being run into masonry tanks and used for garden- 
ing purposes. Such arrangements, if constructed scienti- 
fically, are quite satisfactory. 

Plate 41 shews a house fitted with water-closets and 
drained, according to the arrangements already advocated, 
by means of a 6-inch pipe drain. It will be seen that the 
drain is laid at a gradient of 1 in 50, and that at its higher 
end there is an inspection chamber covered with an air- 
tight cast iron frame and cover. Connected to this inspec- 
tion chamber is a 4-inch cast iron soil pipe from the water- 
closets. At the lower end of the pipe drain is another in- 
spection chamber, into the brickwork of which ia built an 
intercepting sewer trap with a cleaning eye: the cap of this 
cleaning eye should always be securely fixed, as otherwise 
gas from the sewer will have a free discharge into the 
chamber. Connected with this chamber there is also a 
3-inch fresh air inlet pipe fitted with a mica flap valve, 
which supplies fresh air to the whole length of the pipe 
drain between the inspection chambers. Under each waste- 
water pipe is fixed a 6-inch by 6-inch trap, which is con- 
nected to the pipe drain by means of a 4-inch branch pipe. 

All the waste-water pipes are three inches in diameter, 
coated with Dr. Angus Smith's solution, and carried up 
five feet above the eaves of the roof, the ends being protected 
with wire-domes. The nahanis on each of the floors ore 
connected with the waste-water pipes by means of nahani 
traps. The soil pipe from the water-closets is four inches in 
diameter, and is also carried up five feet above the eaves of 
the roof of the house. Each soil pan is trapped and con- 
nected with the soil pipe by means of 3-inch branches. 
Alongside the soil pipe is a 2-inch anti-siphon pipe connected 
to the traps of the soil pans on the ground and first floors. 
A strong tank is fixed above the water-closets to provide a 
constant supply of water to the 3-gallon tanks for flushing 
the water-closets 
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Connected with the pipe drain and between the inter- 
cepting trap and the sewer is a 3-inch ventilating pipe, 
which is carried up the side of the liouse to five feet above 
the eaves of the roof, thus preventing th^ seal in the trap 
being forced by a pressure of gas in the sewer. The fresh 
air, which enters by means of the mica flap valve connected 
with the inspection chamber at the lower end of the pipe 
drain, is discharged at the higher end of the drain through 
tne ventilating pipe which is connected to the inspection 
chamber at that end. All soil pipes and waste water pipes 
are tr^ped at their connections with the buildings and car- 
ried up above the roofs as ventilating pipes. Each waste- 
water pipe is disconnected from the pipe drain at the 
bottom, and discharges its sullage through a short length of 
channel into a trap. The water-closets are entirely sepa- 
rated from the main buildings by a passage 3 feet wide. 

It will thus be seen that the whole of the building 
is guarded against gas entering it from the sewer or pipe 
drain. 

The storm-water falling on the pully is discharged 
over a jump-weir into a trap connected with a storm- water 
drain in the street. 

Plate 42 shews the same class of building with Native 
privies and drained by means of an open drain. The open 
drain is constructed, as described earlier in this Chapter, 
at a gradient of 1 in 100, and at its lower end it discharges 
into a small catch-pit fitted with a grating. This catch-pit 
is to arrest heavy matter in the sewage, and the grating is 
to intercept floating substances, such as leaves, etc. The 
sullage, after passing through the catch-pit, may discharge 
into an inspection chamber, into the wall of which is built 
the intercepting sewer trap, as explained in the description 
of the previous house. 

The privy sullage discharges on to the higher end of 
the open drain through the open sides of the basket placed 
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under the shaft of the privy. The waste-water pipes dis- 
charge directly on to the open drain without any traps. In 
two instances in this house. the discharge from nahanis is 
directly on to cistern heads, but in one instance the nahanis 
discharge through nahani traps, as explained in tne descrip- 
tion of the previous house, and in this case the waste-water 
pipe is carried up above the eaves of the roof and finished 
with a wire-dome. 

The privies are separated from the main building by a 
passage three feet wide, and discharge their contents into a 
6-inch stoneware pipe acting as a privy shaft. The venti- 
lation of the sewer is provided for by a 4-inch stoneware 
pipe connected with the 6-inch pipe drain on the sewer 
side of the intercepting sewer trap, and continued by a 
3-inch cast iron pipe carried up above the eaves of the roof 
of the house and finished with a wire-dome. The storm- 
water from the giUly is discharged by means of a jump- 
weir into a trap fixed at the lower end, and connected with 
the storm-water drain in the street. 

It may be argued, perhaps rightly, that the house con- 
nections described in this Chapter are in many ways too 
complicated and expensive, except for large cities with 
high buildings, and that in a mofussil town something 
much simpler would sufiSce. Some years ago the Author 
visited Secunderabad to advise on the drainage of the town 
including the house connections. After inspecting many of 
the houses, the arrangement as shewn in Plate 43 was re- 
commended. This consisted in connecting the washing 
place or nahani at the back of the house by means of a 
4-inch by 4-mch stoneware trap and a 4-inch stoneware 
pipe to the pipe sewer in the street. On the same line of 
the 4-inch pipe, but lower down than the nahani, is con- 
nected the privy of the premises, faeces being caught in a 
basket and the sullage draining through a 4-inch by 4-inch 
stoneware trap to the 4-inch pipe drain. 
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At first it would appear that the absence of any sewer 
trap near the junction of the house drain with the sewer 
would be likely to allow sewer gas to pass up the house 
drain and, in the event of the water in the traps having 
evaporated, escaping within the precincts of the houses. 
On the other hand, however, it must be remembered that 
practically no night-soil passed into the sewers, and that 
the sewage was of a weak and more or less inoffensive 
nature. It was, therefore, very improbable that any serious 
accumulation of sewer gas would take place, and even if 
this remote contingency did arise and a nuisance was no- 
ticed, such nuisance would be easily remedied by pouring 
a little water into the traps. Further, no connections of 
any kind were made with the interior of the houses, and 
taking all these facts into consideration, the Author was 
satisfied that such a comparatively expensive accessory as 
a sewer trap could in this instance be dispensed with. 

The end of the 4-inch drain should be ventilated by 
means of a 3-inch pipe, carried up above the roof or fixed on 
a post ten feet above the ground ; but if for economy it is 
desired not to erect a ventilating pipe in all cases, it may 
only be done at the higher parts of the district. 

A washing place may be constructed of any size to suit 
the premises for which it is intended. It should be built 
of concrete rendered with cement plaster, the walls sur- 
rounding it being of brickwork ; three sides may be raised, 
if desired, to a height convenient for privacy. 

The slope of the washing place should be towards the 
trap, which should be covered with a grating. 

This arrangement is economical and eminently 
suitable for the one-storeyed buildings with small com- 
pounds which are mostly met with in the mofussil 
towns, and might be applied in many of the old houses in 
villages. 
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Fig. 30 below represents a detail drawing of the plan 
and cross-slection of the washing plaoej referred to on 
page 140:— 

PLAN. 




1 



CROSS SECTION. 



In the out-lying villages of Bombay, where drainage 
is necessary, public detached washing places and latrines 
for the use of small and poorly-built houses should be 
erected, instead of each individual house being given its 
own convenience connected with the pipe sewer. 

Drainage of Horse Stables.— Much experience 
and knowledge have been obtained in Bombay as to the best 
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method of draining stables, for there are many very large 
stables for the reception and sale of the immense numbers 
of Arab and Australian horses which are annually 
imported. 

For horse stables, both public and private, it is a 
good plan to construct the floor of each stall with a layer 
of 6 inches of lime concrete laid at a slope of 3 inches in 
9 feet or 1 in 36. Above the concrete should be spread a 
3-inch layer of good muram well rammed and finished off 
to the same slope as the concrete. Meeting the muram and 
at right angles to the stall should be constructed a V-shaped 
cHannel, 12 inches wide, formed of stone or other suitable 
material. Muram is only advantageous when it is care- 
fully looked after, and any hollows formed by the feet of 
the horse should be quickly tilled up ana rammed. Muram 
is not a suitable material if not kept in repair. Another 
arrangement is to plaster the concrete with lime, forming 
a small channel in the centre oif the stall to meet the 
V-shaped channel at the front. Stone is not a suitable 
material with which to pave horse stables. It is very hard 
and apt to become under certain conditions slippery, and 
in the event of a horse falling on it great damaged is often 
done to the animal. The channel in front of the stall 
should have a gradient not less than 1 in 100 discharging 
into a 6-inch stoneware trap connected to the branch drain. 
In England, brick with corrugations is much used for the 
paving of stables. This probably is the best method of all ; 
but in this country, as a rule, suitable bricks for the pur- 
pose are not easily obtainable. 

Buffalo Milch Cattle Stables.— In this class of 
stables muram is of no use, and the floor of every such 
stable should be paved over the whole area with stone 
paving laid on a 6-inch bed of concrete. This is rendered 
necessary because of the frequent washing which buffaloes 
receive daily. The paving should slope at an inclination 
of 1 in 60 towards an open stone channel. The channel, 



Digitized by 



Google 



Chap. IV.] 



H0U8B CONNBCnONS. 



143 



as in the case of horse stables, should be V-shaped wifh a 
gradient of 1 in 60 towards a trap on the branch pipe 
drain. In connection with a stable of this class,, and on 
account' of the large quantity of solid matter carried in 
the sewage, a catch-pit should be constructed as in Fig. 31. 



^. $c>«t» 




Fig. 31. 
During the dry season much of the buffalo excreta is re- 
moved by hand and, mixed with hay or straw and the sift- 
ing of cotton seed, made into cakes for fuel purposes. 
These cakes, when dried in the sun, are ready for use, 
and in many parts of India are almost the only fuel avail- 
able. The catch-pit should be placed at a point where the 
stable drain ends and the branch pipe drain commences. 
It should be 3 feet by 4 feet by 6 feet deep, and be provided 
with a wrought-iron grating, the bars of which should be 
fixed half an inch apart to prevent the stable litter passing 
through into the branch drains. 

Bullock Stables. — As a general rule, no special 
drainage is required for bullock stables, a foundation of 
good well rammed muram being all that is necessary, for 
the droppings of bullocks are much in request and are 
largely used for the plastering of the floors of living rooms 
which have earthen floors. Mixed with fine red earth, 
bullock excreta form a plaster which has a considerable 
binding property, and is rendered by the ammonia contain- 
ed in it a safeguard against fleas and other vermin. 



Digitized by 



Google 



CHAPTER V, 



SEWAGE DISPOSAL. 

Thb best method of sewage disposal is always a most 
difficult question to decide, as a false move may often have 
far reaching and very serious consequences. The question 
therefore should invariably be given the most deliberate 
and painstckking consideration. The difficulties which are 
met with in many inland English towns do not as yet exist 
in India. Land in England is often only available at a 
prohibitive price, and legislative restrictions are rightly 
placed on the discharge of sewage into rivers. 

The different systems of disposal, any of which may 
be adopted according to local circumstances, may be classi- 
fied as follows: — 

(1) Dry Earth. 

(2) River Outfall. 

(3) Sea Outfall. 

(4) Land Irrigation and Filtration. 
(6) Precipitation. 

(6) Electrolysed Sea Water. 

(7) Biological Treatment. 

Dry Earth. — ^In India, and in fact in most Eastern 
countries, the dry-earth system was the earliest method 
adopted for the disposal of sewage and is even now the 
most usual. In sparsely populated districts, this system, 
if efficiently carried out, still finds approval. The faecal 
matter is collected, removed, and buried outside the town. 
The suUage water, if not removed by carts, finds it way 
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through open channels to pits, where it is allowed to soak 
into the ground. The usual procedure is to remove the 
fsBcal matter to trenches and cover it with earth, and the 
mistake is often made of excavating these trenches too deep 
to allow of the bacteria dealing efficiently with the faeces. 
Trenches should be three feet wide by nine inches deep and 
one foot apart, and covered with soil slightly raised above 
the surrounding level. 

With increased education and the march of science in 
sanitation, this system of disposal is doomed and calls tor 
no further comment. 

Biver Outfall. — ^The sewage of towns situated on 
the banks of rivers is usually discharged into these rivers, 
but this should never be done without some preparatory 
treatment. The degree of purification required depends 
upon the relative volume of the sewage to the minimum 
flow of the river, and in cases where, compared with the 
amount of sewage, the volume of the river is large, it is not 
generally necessary to construct works which are expensive 
or of great magnitude, as the river may be safely relied 
upon to complete the final purification of the effluent. 

Unfortunately, however, the authorities of many Indian 
towns situated on the banks of large rivers give little 
consideration to the pollution of such rivers and make no 
attempt to purify the sewage before it is discharged into 
them. Many of the rivers are sacred; yet the water from 
these and all others that are perennial is generally used by 
the inhabitants of their banks for drinking, bathing, and 
all other domestic purposes, so that the discharge of crude 
sewage into them becomes little short of criminal; and 
there is no doubt that such neglect is responsible for the 
frequent occurrence of cholera and other diseases in 
epidemic form in many of the towns of this country. 
Rivers in India are apt to run so perilously low in the not 
season that under no circumstances whatever should sewage 

10 
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be permitted to be discharged into them without having 
previously been submitted to some form of purification. 
Suitable land is always available And any large expendi* 
ture on works rarely necessary. 

Sea Outfall. — ^In discharging a large bulk of sewage 
into the sea in the proximity of a town, great care is neces- 
sary to select a position where the sewage will not be 
thrown back on to the foreshore, as this is liable to 
cause a most offensive and, as time wears on, an in- 
creasingly dangerous nuisance. A most careful study of 
the tides should. be made, and for this purpose float observ- 
ations at all states of the tide and prevailing wind and 
weajther should be most carefully taken and considered 
together. The greatest difficulty occurs during neap 
tides, when the range of tide is not great and sewage is 
likely to remain for some hours in the neighbourhood of 
the outfall. A sea outfall should always be taken out as 
far as possible from the shore, but never to a less distance 
than will ensure the sewage being discharged into several 
feet of water, even at the lowest spring tide. The liquid 
of the sewage rapidly becomes diffused in the body of the 
sea water, but the solid matter may persist for some 
considerable period, especially as sea water delays the 
oxidation of the solid organic matter and it is not until 
some hours after discharge that purification sets in whereby 
it is broken up and dissolved. Owing to its specific gravity 
being less than that of sea water, sewage floats on the 
surface, open to the influence of both tide and wind ; and, 
if carried down to a foreshore, it is liable to cause dangerous 
deposits. The experience at the outfall in Bombay shews 
that the sewage discharged on an ebb tide is carried for a 
considerable distance along the coast towards the resi- 
dential part of the island, and is not all broken up by the 
sea for at least four hours after its discharge from the 
outfall. In a subsequent chapter this matter will be further 
referred to and certain float observations explained. 
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Consideration should be given in a sea ontfall to tlie 
question of the local fisheries. Fresh sewage discharged 
iAto the sea does little harm — ^in fact, in Bombay, it is 
popularly believed to have very largely increased the 
number of fish on the part of the coast concerned. Putre- 
fying sewage is, however, dangerous, and will destroy or 
drive away fish. Sea birds are great scavengers and 
greedily eat all floating matter around an outfall that 
they can get hold of, but they also avoid putrid sewage. 
Sewage in India may be considered to be fresh until it 
is six hours old. 

Land Irrigation and Filtration.— Where neither 
river nor sea disposal is available, sewage is sometimes 
deposited on a reserved area of land, in which case the 
soil is relied on for filtering and oxidising it. Any land 
is, to a greater or less extent, useful for sewage irriga- 
tion, but a sandy calcareous or porous loamy soil is the 
best. Clay land is not well adapted for this purpose. 
Suitable land should be laid out in level beds, and the 
sewage applied in turn to each bed. If a porous stratum 
of sand or gravel underlies the beds, the liquid will na- 
turally drain away with the subsoil water, but in certain 
cases it will be found necessary to insert underdrains to 
carry off the liquid. The drains should be laid at a 
minimum depth of three feet, and in such a manner as to 
prevent direct vertical percolation into them. Land used 
for sewage filtration purposes should be constantly 
ploughed or turned over to allow of aeration, suitably 
cultivated, and kept free from weeds or anything that 
would choke the surface of the ground. Porous soil under 
advantageous circumstances will dispose of 30,000 gallons 
of sewage per acre per day. The worst soil is probably 
heavy clay soil, which will not safely dispose of more than 
5,000 gallons per acre per day. If possible, sewage should 
not be discharged on to land without previous treatment 
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in order to remove the solids, as it will rapidly coat the 
land with a layer of decomposing organic matter, which 
will hinder the action of the ssrobic bacteria in the soil 
and quickly create a nnisanoe. 

Where previous treatment cannot be resorted to, the 
intermittent application of small quantities of the sewage 
should be followed in order that the liquid may drain 
away and the solids be broken up, thus permitting air 
and oxygen to refill the interstices of the soil. The process 
is naturally slow, for until air has reached all the 
interstices of the soil, the purifying action cannot recom- 
mence. 

The amount of oxygen available varies with different 
soils and is at the best limited; and further, the under- 
ground circulation of air is very slight, and without oxygen 
the ssrobic bacteria cannot thrive. 

Precipitation.— Under this head is included any 
system which depends on chemical treatment of the 
sewage, preparatory to its being discharged to the sea, 
river, or land, in order to precipitate the solids and deodorise 
or disinfect the liquid. Such treatment is rarely necessary 
in the East, where land is generally available for irrigation 
purposes and the sewage is for the most part what is 
known as domestic, rather than trade, sewage. A good 
precipitant must be cheap and should cause a rapid 
subsidence of all organic matter in suspension. It should 
not be actively or cumulatively poisonous, otherwise H 
would be dangerous to human and animal life. It should 
have no distinctive colour, as that would arouse sentimental 
objections; and if a chemically treated effluent is to pass 
into a stream or be used for the irrigation of crops, the 
resultant effluent should be neutral or slightly alkaline. 

A large variety of processes have been tried in Europe, 
but all are expensive and create a great amount of sludge; 
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and for the reasons given above, it is not proposed to go into 
them in detail. 

Eleotroljrsed Sea Water.— Some years ago, shortly 
after the outbreak of the first Plague epidemic, when 
every promising disinfecting system was eagerly consi- 
dered, an experiment was tried in Bombay of electrolysing 
sea water and mixing it with the sewage in the sewers 
so as to destroy organic matter. The system was invented 
by a Monsieur Hermite, a Frenchman, and has been tried 
in several places on the Continent and at one or two places 
in England with a certain measure of success. In thift 
system sea water, or, in default thereof, an aqueous solution 
of chloride of magnesium and chloride of sodium, is 
subjected to what is known as "Electrolysis." Under the 
influence of an electric current the water and the salt are 
decomposed; and as a result of this decomposition, at the 
positive pole of the battery, an oxygenated compound of 
chlorine — ^very unstable and possessing a considerable 
oxidising and consequently disinfecting power — ^is obtained, 
while at the negative pole is formed an oxide which has the 
power of precipitating certain organic substances. The 
sea water, or its equivalent aqueous solution, when sub- 
jected to the action of the electric current as describe^ 
above, is called electrolysed sea water, and ia a good 
disinfecting liquid. It is practically inodorous, but it if 
a powerful antiseptic. It destroys microbes, render* 
suphuretted hydrogen innocuous, and effects a complete 
sterilization and deodorization of all liquid matter. The 
installation necessary for this system of disinfection 
comprises (a) a central station containing a dynamo and 
an electrolysing apparatus, a pump to raise the sea water, 
and tanks for the storage of the same, unless it can be 
obtained at all states of the tide, and also tanks for the 
storage of electrolysed sea water; and (b) the provision of a 
separate system of mains, service-pipes, and domestic 



Digitized by 



Google 



160 DBAINAOfl PB0BLBM8 OF THB BA8T. [OhAP. Y. 

'fittings for di9tribution (A the fluid in the scune way as 
in the case of ordinary water or gas supply ^^ with branches 
near the edge of the road to flush the sewers and storm- 
water drains, or to water the streets with the disinfecting 
fluid. 

The electrolysers are of three sizes: Size A consists 
of 200 platinum electrodes and 54 zinc disks; B consists 
of 104 platinum e^trodee and 28 zinc disks; and C 
consists of 44 platinum electrodes and 12 zinc disks. 
Electrolysers of the first size are useful for industrial 
requirements. Those of the second are smaller and better 
adapted to installations on a small scale, such as those 
for hospitals; and those of the size C are only suitable 
for still smaUer institutions. Several electrolysers can be 
simultaneously used by connecting them in a series. It 
is said that the maximum grouping that can be effected 
advantageously is 10 electrolysers worked by a single 
dypamo. 

The current sent into a^ electrolyser of type A is 
generiJly from 1,000 to 1,200 amperes, of type B from 
^QO to 600 amperes, and of type C iroja 250 to 300 amperes. 
The eleotro motive force (E, M. F.) required in all cases 
18 fTQjfx 5 to 6 voltp for ^^ch eleotrolyoer. The dynamo 
reqi^red to give off these currents is similar to that used 
|or electro-plating and other similar purposes, and its 
^tinguishi^g fe^tur^ is its capability o| producing % 
]%TgQ ftmoxint of current %i a low potential. 

The installation fixed in Bombay ccmsisted of two 
electrolyaero capable of producing 1,000 grammes of 
chlorine per hour, or 440 gallons of electrolysed sea water 
containing 0*5 grammes^ of chlorine per litre. Assuming 
the dynamo worked for twelve hours a day, the amount 
of electrolysed sea water produced should be 5,1280 

• QrainxaQ if a Frenoh weight and if equal to 16*482 grfiins i^voiidapoit 
Litre if a Fienob measoie and if equal to 1*7607 Brititb pints. 
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gallons. When first stained, the instanation was worked 
in connection with a night-soil depots which disposed 
of 74 tons of night-soil per day. It was found that 
0*5 of a gramme of chlorine was required to disinfect 
or deodorise one litre of sewage in ten minutes, and there- 
fore 16,676 gallons of electrolysed sea water were 
required to sterilize the whole of the night-soil of the depot. 
Much good was done by the use of this electrolysed sea 
water in lessening the smell of the night-soil depot and 
no doubt in sterilizing the faecal matter. An experiment 
was tried by discharging the fluid straight into the sewer> 
but the quantity of the fliud produced was not large 
enough to make any appreciable difference in the large 
bulk of sewage, which flowed at the rate of 3,600 gallons 
per minute. The experiment was continued for thirty-four 
days, during which time 22,000 grammes of chlorine wer^ 
produced per day, equal to 748,000 grammes or 16 cwts. 
of total production, at a cost of Rs. 1,039-6-1 or Rs. 1,386 
per ton. Unfortunately, however, for financial success, 
good commercial chloride of lime, containing 30 to 36 per 
cent, of free chlorine, cannot be purchased in Bombay for 
less than Rs. 260 per ton, which would bring the actual cost 
ol chlorine to Rs. 780 per ton, or little more than half the 
cost of producing the same amount of chlorine by 
electrolysing sea water, even without taking into 
consideration the interest on capital expenditure necessary 
in the latter case. 

The plant was tried for a further period, but with very 
little difference as regards cost. The fluid was also used 
in Bombay for flushing gullies and disinfecting privies, 
but the cost of cartage made the process more expensive 
than ordinary disinfectants. On account of expense, 
therefore, this system is only recommended for such places, 
if any exist, where the price of other good disinfectants 
is so exorbitant as to justify it. 
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Biologioal Treatme]it.--Of late years the know- 
ledge of the biological treatment of sewage in Europe has 
rapidly advanced. The Royal Commission on Sewage 
Disposal has brought together the experiences of all the 
greatest Sanitarians in England, and it will almost appear 
that the present state of our knowledge has now so far 
advanced as to leave little to be learnt in the treatment of 
ordinary (as opposed to trade) sewage. It is not proposed 
to refer at any great length or in detail to this important 
subject, because there are many standard works written, 
which deal entirely with the question of Biological Treat- 
ment. The Tmerim Ueport of the Royal Commuiian 
(Volume 11, Evidence) is strongly recommended to 
students and others interested in the subject. 

Before sewage can be thoroughly purified by a bio- 
logical process, it must undergo two changes. The solid 
organic matters must be liquefied and the complex nitroge- 
nous and other organic compounds in the liquid of the sew- 
age split up into their simpler forms, and the whole must 
then be oxidised. To obtain these changes, sewage must be 
dealt with first by anaerobic and secondly by aerobic bac- 
teria — ^terms invented and first used by Pasteur. All sewage 
contains within itself the necessary bacteria for its own 
purification, and it has been proved that these organisms 
will quickly grow and multiply in water-carried sewage 
and rapidly liquefy the solid matters and finally set up the 
oxidation of the organic matter, changing it into harmless 
forms. Mr. Scott Moncrieff, a Civil Engineer, claims to be 
the first to have recognised that organic matter in sewage 
could be dealt with by micro-organisms contained in the 
sewage itself. These organisms are classified into anaer- 
obic and aerobic, ie., those whose work is performed in the 
absence of free oxygen and those whose very exist^ice 
depends upon the free access and presence of free oxygen. 

The anaerobic treatment of the sewage, which produces 
the liquefaction of the solids, preferably takes place in a 
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tank constructed in such a manner that the velocity of the 
sewage on entering it is so reduced that the solids are 
deposited and that the organisms can thrive in it and 
liquefy the organic matter during its progress through the 
tank. For this to be efficiently performed, a tank should 
be large enough to hold from 8 to 24 hours' supply of crude 
sewage, according to strength. Such a tank is usually 
called a " Septic Tank," which is a name given to it by Mr. 
Donald Cameron, M.Inst..C.E , the late City Engineer for 
Exeter. The Author, however, prefers to call it a "Lique- 
fying Tank.'* 

When sewage has undergone anaerobic treatment for 
the specified time, it will be almost wholly without oxygen, 
that gas having been converted into carbonic acid gas by 
the decomposing organic matter produced by the mixed 
organisms which arrive in the tank in the sewage. 

The next and second process of purification is per- 
formed by the action of the ssrobic bacteria which are the 
organisms that live only in the presence of atmospheric 
oxygen. These bacteria will work under two conditions, 
viz.^ in suitable land, which should contain lime or some 
other base, or in an artificial filter constructed of some mate- 
rial which will hold air in its interstices. It must be re- 
membered that in all artificial filters we only imitate the 
process which nature performs for us in land; but in the 
case of land, however, it is only the first few inches which 
are usefully employed by the aerobic bacteria, whereas in 
an artificially constructed filter the whole of the depth can 
be employed, if the filter is properly constructed. The 
chemical change made by the filter in the effluent from the 
liquefying tank is the conversion of the various nitrogenous 
substances, such as free ammonia, into the harmless com- 
pounds of nitrites and nitrates. 

The less free ammonia and the more nitrates found 
m the effluent, the greater the degree of purification. This 



Digitized by 



Google 



154 DRAINAOB PBOBLBMS OP THE BAST. [GhAP, V. 

second change is made with extraordinary quickness — often 
within ten or fifteen minutes. 

Much attention has been given to the question as to 
whether biological treatment destroys the pathogenic germs 
that may exist in the sewage, but it appears that there is 
at present no acknowledged method which enables a bac- 
teriologist to say with certainty that a sewage effluent is 
without pathogenic germs. However, as it is unlikely that 
a sewage effluent, in its condition as an effluent, would be 
used as potable water, this question can be considered as 
an entirely separate one to that of the purification of the 
sewage. The question has provoked much argument 
among bacteriologists, who differ as to whether any or all 
pathogenic germs are destroyed. The point is an import- 
ant one, and no doubt before long will be settled ; but mean- 
time, it is safer to assume that biological treatment does not 
destroy pathogenic germs. 



EXPBBIHBMTS AT TBI AOWOBTB LbpBB AsTLUM 
AT MaTUNOA. 

Sewage Farm.— Through the kindness of the Chair- 
man of the Acworth Leper Asylum, the Author has been 
able in the last ten years to make some valuable experi- 
ments at the Asylum in regard to sewage disposal* 
The Asylum lies to the east of the ridge which runs 
north and south on the harbour side of the Island of 
Bombay and is about eight miles from the Fort. It is in 
such a position as prevents its being drained into the main 
sewerage system of the Island, except by pumping, and it 
has therefore its own separate system. In the early part of 
1901, the Author published a short work, called NoU$ <m 
Seepage Disposal, which dealt with various experiments 
made by him at the Asylum from the year 1894 up to that 
time. 
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It is now proposed to give a brief rteam^ of these 
experiments together with some further results. When the 
Asylum was ocmstructed in 1891, it was a part of the 
Author's duty to supervise the drainage arrangements of 
the Instituticm. These arrangements consisted of stone- 
ware pipe drains, laid from all nahanis and latrines so as 
to convey the sullage to two large pits filled with rubble 
stone and located oa the outskirts of the Asylum ; but 
owing to the presence of clay in the subsoil, these pits were 
unsatisfactory from the beginning and eventually became 
entirely choked with solid matter, so that the sewage over- 
,flowed on to the. adjoining land not in the possession of the 
Asylum. This brought forward complaints from the ad- 
joining land owners, who ultimately gave notice of their 
intention to apply for an injunction to prevent the Asylum 
authorities discharging sewage on to their land. This was 
in 1894, and arrangements were then made to purchase a 
tract of land adjoining the Asylum on which the sewage 
matter could be disposed. Originally, it was thought that 
it would be sufficient to dispose of the sewagei in its crude 
state on this land, but this was found to be objectionable, 
as it resulted in a nuisance and in the land becoming coat- 
ed with organic matter, which destroyed its purifying quali- 
ties. The fodder crops grown on the land were unwhole- 
some and cattle would not eat them. It then became neces- 
sary to devise some means of purifying the sewage before 
discharging it on to the land. In 1895, the Author, work- 
ing independently but curiously enough on the same lines 
as Mr. Cameron at Exeter, experimentally constructed the 
open Septic or Liquefying Tank shewn in Plate 44 and 
described more in detail later in this Chapter. It should 
1)9 QientioAed, however* that at this time the name '* S^tio 
Tank" had not bam coined, nor h»d the properties and 
possi)}^iUBfi of rocb 4 %wk b^eu evw approximately as- 
certained. 
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The land was at this time laid out as a small experi- 
mental Sewage Farm, in plots averaging about half an acre 
in area and so arranged as to be irrigated by the efBuent 
from the Liquefying Tank. The channels or carriers for 
conveying the efBuent were lined with half stoneware pipes 
of 9 inches and 6 inches diameter according to requirements. 
In 1895 the area was 3 '63 acres, but with the extension of 
the Asylum, this has now been increased to 6*92 acres. 

The natural soil of the Farm was of the least desirable 
character for cultivation purposes, being yellow clay over- 
lying muram but by much ploughing, turning over, and 
irrigation it has been greatly improved, although still 
leaving very much to be desired. The level of the land on 
the Farm is such that only one-third of it can be irrigated 
by gravitation direct from the Liquefying Tank. For irri- 
gation of the remainder, the sewage effluent is allowed to flow 
into wells, from which it is lifted by Persian wheels, bul- 
locks being used as the motive power. During the dry 
weather, the whole of the daily sewage from the Asylum — 
upwards of 20,000 gallons — is discharged into the Liquefy- 
ing Tank and afterwards disposed of on the Farm; but 
during the monsoon months, in periods of heavy rain, when 
water is not wanted for the crops, the effluent is allowed to 
flow away with the storm-water to the sea, it being then in- 
offensive and practically innocuous. 

The crops chiefly grown on the Farm are guinea grass, 
maize, and jowar, with a rotation crop of some pulse or 
vegetable. Lucerne has been tried, but not with any very 
great success, the reason being that the plant obtains its 
nitrogen from the air by means of tubercles which settle on 
its roots. If the tubercles do not exist in the soil, the plant 
will not grow. English vegetables have been grown with 
considerable success, all attaining a large size. Six crops 
of maize and jowar are obtained in a year and a cutting of 
guinea grass once every month throughout the year. 
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The following figures represent the total returns of 
fodder grown on the Farm for the year 1904-5: — 

Maize 37-64 tons. 

Guinea Orass 36*71 

Jowar 132-97 

Vegetables 0-B6 

Mangel Wurzel 1-91 

Lucerne 3-91 



Total ... 213-60 tons. 



As only 5 acres, on an average, were under cultivation 
during this year, this gives a total return of nearly 44 tons 
of fodder per acre for the year — a result which must 
be considered as very satisfactory. Nearly all this fodder 
has been supplied at market rates to the Health Officer of 
the City of Bombay for feeding the Health Department 
bullocks. 

The labour on the Farm, except the supervising staff, 
consists to a large extent of lepers, who are paid a fair 
wage for the work they do. Their health is very greatly 
improved by the regular exercise thus obtained, but their 
strength is never equal to that of a healthy cooly. 

The financial success of the Farm has been a progres- 
sive one. In 1899-1900 the net profit was equal to 21-92 
per cent, on the capital outlay; while in 1900-1901 it 
reached 30 per cent, and in 1904-1906 45 per cent. 

The following tabulation shews the progressive gross 
revenue and expenditure from 1896, when the Farm was 
first started, to 1906. Except for the first year, the 
Farm has always paid its way and furnishes an excellent 
example of the improvement that will take place in the 



Digitized by 



Google 



158 DRAINAGB PBOBLHMS OF THE BAST, • | ChAP. V/ 

fertility of a poor land after some years of irrigation with 
sewage effluent: — 

•• * lacome.* . • T 3 Bxpea^Ilture. 
Rs. A. P. .. 'R%. :A..:P. 

1895 1 158 7 10 509 12 1 

1896 1,011 12 6 520 13 10 

1897 1,722 2 1 570 8 6 

1898 1,556 2 6 611 5 

1899^ 3J81 12 9 1.057 10 5 

1900 ^ 5,167 11 1 2,371 14 5 

1901 7,073 6 11 3,972 8 

1902 9,584 6 11 3,991 6 

1903 6.978 3 3 ^30 12 

1904 ^ 8,625 S 3,207 9 11 

1905 8,513 9 10 3,464 6 8 

During the eleven years that the Farm has been under 
irrigation, none of the plots have remained fallow for more 
than one month at a time. During 1901, some of the crops 
shewed signs of failing, and arrangements were then made 
to bum stable litter upon the ground spread to a depth of 
1 foot, the ashes being dug in. This resulted in re-supply- 
ing the land with potash and phosphates and the necessary 
chemical bases, and since then quite abnormal crops have 
been obtained. This is the only sign of failure that has 
been observed during the time the Farm has been in exist- 
ence. 

Considerable doubt existed as to whether the irrigation 
of sugarcane by sewage effluent was liEely to prove iiiju- 
rious to the plant, and the point has from time to time been 
freely discussed at Poona and elsewhere. Accordingly, in 
April 1901, a careful experiment was carried out, about 
200 cuttings of sugarcane being planted in a small plot 
on the Farm. Ine trial was made with cane of the variety 
known in the Bombay Market as surti The plot was irri- 
gated solely with the effluent from the " Liquefying Tank," 
four or five times a month, for a period of nine months, no 
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manure of any other kind being applied to it The c^rop was 
good and the outturn, when it was cut on the 27th January 
1902, was 500 canes. This figure, however, does not repre- 
sent the actual number of canes, for rats appeared to have 
taken a great liking to them, and, in spite of all precautions, 
at least 100 canes must have been destroyed by the time 
the crop was ready for cutting. 

The juice was extracted in the ordinary way by crush- 
ing the canes between wooden roUert . It was at once boiled 
and converted into jaggery or"^oor**by a man engaged 
in that particular trade, who was specially brou^ to 
the place for the work. 

The total quantity of jaggery obtained was 3} maunds. 
It was of a brown colour with a very sweet taste and crys- 
tallized and solidified properly. 

A sample of the raw sugar was forwarded to Dr. J. 
Walter Leather, Agricultural Chemist to the Government 
of India, and the following is the analysis of it with his 
remarks:— 

v^ftllO*SU£^rc»*«***. .•••••••■••••••••••••••••••••••••. .••••••••••• n * oU 

Moittnre and dirt ^ • •••• 16*55 

100-00 

"Th« 8aiO(rle eontained a good deal of dirt, which might with 
" advantage hare been Nsreened from the jnioe before boiling. Other* 
'< wise, it in a good raw sagar and better than ninch which is eommonlj- 
'* made by the cultiyator." 

i8d.) J. WALTER LEATHRB. 

The result shews that sugarcane can be successfully 
grown under effluent irrigation and that the quality is at 
any rate as good as that ordinarily grown by the cultivators 
with the aid of the usual solid manures. This experiment 



Digitized by 



Google 



160 DBAXMAQB PB0BLBM8 OF THB BA8T. [ChAP. V. 

should be an encouragement to continue the growth of 
sugarcane in larger quantities under similar circum- 
stances. 

Mangel Wurzels were tried on the Farm during WA 
with some success, but the crop had a tendency to run 
to excessive leaf. This is also the experience with English 
vegetables. An interesting analysis was made by Dr. J. 
Walter Leather, in January 1905, of two samples of maize 
grown entirely with sewage effluent irrigation at the 
Sewage Farm. They were specially examined for the 
presence of a Olucoside named Bhurrim, sometimes met 
with in maize. The maize was declared to be quite free 
of any such noxious ingredient and was of a specially good 
quality for fodder purposes. 

Liquefying Tank. — Plate 44 shews the installation 
of the open Liquefying Tank at Matunga, consisting of a 
series of four tanks, each 20 feet by 10 feet by 4 feet deep, 
connected with the other by an opening 12 inches wfde in the 
dividing wall of the tank at the same level as the inlet 
to No. 1 tank. Each tank is further divided by a baffle 
wall for three-fourths of its length, which almost makes two 
compartments of it, round which the sewage flows- 
Each tank is fitted with a loosely adjusted scum board to 
reduce the surface velocity of the sewage. Any tank 
can be cut off from the others by means of wooden stops 
and closed for cleaning purposes. The whole of the four 
tanks working together have a total capacity of 3,020 cubic 
feet of 18,875 gallons, though, as deposit increases, this 
capacity correspondingly decreases. The surface sewage, 
when the tanks are fairly free of deposit, takes an average 
of eight hours to pass through the distance of 160 feet or 
at a velocity of 20 feet per hour. This average result 
was obtained by several float experiments after removing 
al) the scum boards. 
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The velocity of sewage through a Liquefying Tank 
varies with the volume of sewage flowing into it, which is 
not a constant quantity, and it again varies as the capacity 
of the tank is reduced by deposit. The surface velocity must 
not be taken as the average velocity for the whole tank, 
as the ratio between the surface and average velocities 
varies according to the design of the Tank and the amount 
of deposit. Parallel to the Liquefying Tank and running 
the whole length is a sludge tank, connected to each com- 
partment by means of a 9-inch pipe. The bottom of this 
sludge tank is two feet below the level of the bottom of the 
Liquefying Tank. When it is desired to clean any of the 
compartments of the Liquefying Tank, it is shut off from 
the others by closing the necessary stops in the channel ; and 
the sewage and sludge are run into the low-level sludge 
tank through the 9-inch pipe connections. The sludge is 
then allowed to settle, the liquid being drawn off by a 
pump, and when the sludge has dried, it is removed and 
dug into the land, which it seems to considerably benefit, 
for although the dry sludge has no value as manure, it helps 
to lighten the soil. The sludge tank is only used— when it 
becomes necessary to clean out any of the compartments— 
at intervals of about three years. 

The Asylum has been slightly enlarged since the 
Liquefying Tank was constructed, and upwards of 20,000 
gallons of sewage are now passed through it per day and 
dealt with satisfactorily. The liquefaction of the solid 
matter in the sewage discharged into the tanks is very 
complete and over 80 per cent, of reduction in albuminoid 
ammonia is attained during the time the sewage is passing 
through them. 

The population of the Asylum is now about 430 and 

the whole of the sewage finds its way by a regular system 

of pipes from the washing places, latrines, and dhobi- 

ground to the Liquefying Tank, except a small quantity 

11 
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intercepted for experiment in a Ducat Filter. In the light 
of the present experience, the design of the tank is defective ; 
and if it were necessary to now reconstruct it or to con- 
struct another, an altogether different design would be 
adopted and more suitable walls constructed with openings 
alternately at the top and the bottom. These tanks, 
however, have done the work required of them quite effi- 
ciently, and considering that they were constructed in the 
first instance purely for experiment in a then unknown 
direction, their success has been remarkable. A series of 
observations of the temperature of the air and of the 
sewage entering and leaving the tanks, taken over a period 
of nine months, shews that there is no difference in the 
temperature of the sewage entering or leaving the tanks 
and that the temperature of the sewage has no connection 
with the temperature of the outside air. 

The following is the average of several analyses of 
the crude sewage at Matunga and of the efi9uent from the 
Liquefying Tank, made by the late Dr. C. H. Cay ley, M.A., 
M.D. D.Ph., who was Divisional Health Officer, Bombay: — 

Parts per 100,000. 





Total Solidi. 


Sasoended 
Solids. 


Cblorine. 


Free 
AjpinoQia. 


Albaminoid 
Ammonia. 


Crude 
Sewage. 

Tank 
Effluent. 


64*91 
30-96 


31-83 

8-80 


3-3fi 
3-35 


108 
111 


1-62 
0-311 



This gives on an average a purification of the sewage equal 
to 81 per cent, as estimated on the albuminoid ammonia. 

In the eleven yeajca the tank has been working, it 
has been cleaned out on three occasions only, the first 
cleaning being after three years' use. It was calculated 
that up to that time the organic matter liquefied in the 
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tank amounted to 61 tons. In England, it is usually 
calculated that 60 per cent, of the solid matter deposited 
in a Liquefying Tank is disposed of ; but the experience at 
Matunga is that at. least 75 per cent, is liquefied. 

The Author is indebted to Dr. J. Walter Leather, the 
Agricultural Chemist to the Government of India, for the 
following analysis of a portion of the solid matter removed 
in 1902 from the tank at the time of cleaning: — 

** Analym made on 18ih February^ 1902. 

Organic matter ....«,. • 9*74 

Minerftl matter 25*08 

Total 100-00 

Gontainiog nitrogen. '5(> 

Do. sand 13'08 

Do. phosphoric acid ••• 0*32 

** This material appears to correspond closely in composition ta 
'* that which Dr. Bideal examined for the Exeter Septic Tank." 

(Sd.) WALTER LEATHER, 
Agricultural Chemist to the Government of India. 

This is an interesting analysis and it will be noted 
that 72 per cent, of the solid matter, or humus as it iff 
called, remaining in the tanks at the time of cleaning waff 
mineral matter and therefore not further reducible by the 
bacteria. In average fseces the percentage of organic 
matter is 86 and mineral 14. 

The inference to be drawn from the above is that an 
even warm temperature has much to do witK the proportion 
or organic matter disposed of and left undisposed of, respec- 
tively, by the bacteria ; for whereas 24 hours are stated to 
be required in England for the treatment of the sewage 
in Liquefying Tanks, the same work is more efficiently done 
here in Bombay in 8 hours, with a purely domestic sewage. 
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When it is necessary to clean out a Liquefying Tank, 
care should be taken to always leave a small amount of 
deposit in the bottom for the immediate renewal of liquefy- 
ing action when the tank is put into operation again. The 
bacteria will no doubt develop in an absolutely clean tank, 
but it will take time for them to accumulate to the quantity 
requisite for the maximum degree of purification. 

Too much stress cannot be laid on the fact that the 
surface or scum of the Liquefying Tank should not be 
disturbed, as interference with bacteria means a suspension 
of their work, and in places where heavy rains are frequent 
the tank 0hould on this account be protected with a 
covering. 

The following analyses of sewage taken at the point 
of discharge from No. 2 into No. 3 tank (see Plate 44) and 
of the final discharge from the tank four hours afterwards 
are very interesting, for thd result shews that probably 
the greater part of the breaking down of the organic matter 
is done by the bacteria in No. 1 and No. 2 tanks, which 
is further borne out by the fact that in some respects the 
effluent from No. 4 tank is inferior to that from No. 2 
tank: — 

Firts per 100,000. 





Total 


1* 




si 


-fi o 




Solids. 


rr 


c^ 
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< 


Crude sewage entering: 












Liquefying Tank/2l8' 












Febrnary, 1901 


64 


16 


4-00 


2-64 


•68 


Sewage taken from point 












of tlischarge of No. 2 












TanW,10ih May. 1901. 


44 


16 


2-3 


1-60 


•448 


Effl'ient tr.keii from 












final discharge of 












Liquefying Tank, 












10th Blay, 1901 


36 


8 


2-3 


1-44 


•608 
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The analysis of the crude sewetge is given as a guide 
only, it having been made on a different date from that of 
the effluents, and is, as indicated by the chlorine, not of 
the same sewage. The point that it is desired to bring 
out is that, at any rate in India, the largest percentage of 
purification is carried out much more quickly than is 
generally supposed. 

It has been proved by experiments in England that 
no purification advantage accrues from allowing sewage to 
remain in a Liquefying Tank for more than 24 hours and 
that it is far from being improved by remaining 48 hours. 

The analyses made from time to time of the effluents 
taken from the different compartments of the Liquefying 
Tank at Matunga, after 4 hours, 6 hours, and 8 hours 
contact, respectively, go to shew that the maximum purifi- 
cation is obtained in a warm climate in much less time 
than in a climate such as that of England. 

The average temperature of sewage in England is 
between 61° and 58° F., while in Bombay it is between 
78" and 90° F. 

From an average of analyses spread over two years, 
the Author has found that with a temperature of sewage 
at 83-60° P., 66% of the purification occurs in 4 hours, 
82% in 6 hours, and 84% in 8 hours. It may, therefore, be 
assumed that, with a climate similar to that of Bombay, an 
8 hours contact with ordinary domestic sewage will give 
a purification that will be satisfactory. 

A word here may not be out of place in regard to the 
relative advantages of covered and uncovered Liquefying 
Tanks. 

The word "covered" denotes that the tank is com- 
pletely roofed. Two compartments of the Liquefying Tank 



Digitized by 



Google 



166 DBAINAOB PB0BLBH8 OF THE BAST. [ChAP. Y. 

at Matunga are now covered for the purpose of generating 
and collecting the gas. Observations shew that with an 
air-tight roof on a Liquefying Tank, if the gas is not 
removed as it forms, purification is interfered with. Thus 
at Matunga, when only No. 1 compartment was covered, 
much of the purification which took place in that tank 
before it was covered was transferred to No. 2, and the 
same process is at present talking place in regard to No. 3, 
now that No. 2 is covered. 

The opinion of the Author is that unless it is desired 
to make use of the generated gas, it is better to allow a tank 
to remain uncovered ; for, if a tank is scientifically c<hi- 
structed, no nuisance will arise from it after it has come 
into fair working condition. 

Sewage that has been passed through a properly 
designed Liquefying Tank is so free from organic matter 
that, if it is subsequently dealt with by aeration only, it 
rapidly becomes clear and free from smell. 

In regard to the designing of a Liquefying Tank, it is 
desirable to point out that the size of a tank should always 
be calculated on the maximum flow of the sewage. It 
should, if possible, be three times as long as it is broad, 
and its depth should not exceed 6 feet, 5 feet being a prefer- 
able d^th. The first object of a Liquefying Tank is to 
reduce the flow of sewage so that all solid matter may be 
deposited as quickly as possible. The position and con- 
struction therefore of baffle walls is a matter of consider- 
able importance. It is very questionable whether the sub- 
merged inlet serves the useful purpose it is supposed to, for 
there is certainly less disturbance of the tank when the 
inlet is at the surface. However, no hard and fast rule can 
1)e laid down in this matter, as so much depends on the 
installation. 

In small installations, the great difficulty is always the 
imcertain flow of sewage. It is therefore desirable to make 
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a Liquefying Tank for a small installation sufficiently 
large to counteract this difficulty. 

Plate 46 shews a sketch for a proposed open Liquefy- 
ing Tank for the sewerage of Ahmedabad. The tank is 
designed to deal with 1,200,000 gallons of sewage per diem. 
It consists of six compartments, two of which are each 200 
feet long by 26 feet wide by 6 feet deep and the remaining 
four 160 feet long by 26 feet wide. The discharge of 
each tank is at the same level, over a weir. 

Plate 46 shews a covered Liquefying Tank suitable for 
a small installation. Here the compartments are 11 feet 
long by 6 feet wide by 6 feet deep, and the passage through 
the tank is alternately at the top and the bottom of the 
different partition walls. The roof is constructed of some 
light gauge galvanized iron and fixed on angle iron ribs 
with a manhole at one end for inspection purposes. The 
withdrawal of the gas from this tank might be at any 
convenient point by means of a pipe let into the roof. 

Plate 47 shews a Liquefying Tank with a filter 
attached — an installation which was designed for the puri- 
fication of the sewage of a large bungalow in Bombay. 
This installation has been working for a considerable time 
satisfactorily. Here it will be noticed that the roof of the 
tank has been provided with an opening covered with wire 
gauze, as it was not intended to make any use of the gas. 
The description of this class of filter will Fe dealt with later 
in the Chapter. Plate 48 shews a drawing of a covered 
Liquefying Tank. 

Filters. — ^Various filters have been constructed at 
Matunga, combined with the liquefying and other tanks, 
and fitted with different arrangements for distributing sew- 
age on to their surfaces, and also with several different 
materials as filtering media. Experiments have been tried 
with a Liquefying Tank combined with ^robic Filters, and 
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with a Liquefying Tank combined with a Contact Filter, 
and with a Macerating Tank combined with Colonel Ducat's 
Filters. 

A Stoddart Filter with a patent " distributor " com- 
bined with a Macerating Tank and a Colonel Ducat's Side 
/Erated Filter dealing with crude sewage only have also 
been tried. More recently a series of two Contact beds 
fitted with Adam's Timed Siphons have been erected to 
deal with the Liquefying Tank effluent, as also a Stream- 
ing Filter fitted with an Adam's Rotating Distributor. 

All these filters, tanks, and modes of distribution of 
sewage on to filters, many of which are new and interesting, 
are fully described and commented upon in the following 
pages. 

Attached to the Liquefying Tank, shewn in Plate 49, 
are two small *Erobic Filters, 2 feet 6 inches by 2 teet 

6 inches by 2 feet 6 inches, built entirely for experimental 
purposes. These filters are designed to receive and to 
purify the effluent from the Liquefying Tank at the rate 
of 250 gallons per square yard per day. The medium used 
for filtering is in one case burnt brick, broken from l/8th 
inch to 1-inch cube, and in the other, English coal also 
broken to the sam'e sizes. 

In the brick filter, the effluent from the Tank is deliver- 
ed by three galvanised distributing pipes under a head of 

7 inches and having l/16th inch perforations at intervals 
of B inches. These distributing pipes work fairly well, in 
spite of the fact that some of the perforations are occa- 
sionally closed by floating solid matter. Li the coal filter 
the Tank effluent is distributed by small tipping troughs, 
which, when full, tip automatically one way and empty 
their contents on to the filters. This kind of distribution 
is apt to disturb and ridge the top of the filtering medium, 
especially if it is of fine material. The time of the passage 
of the effluent through both filters is exactly the same, 
being from 10 to 12 minutes, and the resultant effluent 
shews a very high degree of purification, and is in appear- 
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anc5e like the purest spring water — ^bright, clear, and free 
from all deposit and smell. 

The following are the two analyses of the effluents 
from each filter made by Dr. C. H. Cayley in February- 
1901 and in July 1902:— 

Fartn per 100,000. 



PUter. 


Total 
Solid*. 


1 

S 

6 







Nitrites. 


?. 


Burnt briok e£9aent 
taken February 1901 


29-33 


S-63 


0-340 


0-106 


0-343 


3-84 


Burnt brick e£9uent 
taken July 1902 ... 


32-85 


2-7 


024 


0-042 


Nil. 


n-70 


English coal e£Snent 
taken February 1901 


20-00 


3-20 


0-172 


0-0rt5 


0-201 


«-35 


English coal eflSuent 
taken July 1902 ... 


22-85 


2-4 


0-010 


0-027 


Trace. 


2-214 



The analyses are interesting and shew that the 
efficiency of each filter has been quite maintained during 
the eighteen months that had elapsed since the first analyses 
were made. 

They have been continuously worked without cleaning 
or being in any way interfered with since their construc- 
tion in January 1901. The percentage of purification over 
the crude sewage admitted to the Liquefying Tank is over 
90 per cent., and the time taken in the operation is eight 
hours in the Liquefying Tank and twelve minutes in the 
filters. 

Dr. Cayley remarks in regard to the two later analyses 
that ** the effluents were clear and bright with a small trace 
of a brownish sediment" and that ''the sew€kge was 
weak." This latter may be accounted for by the fact that 
either the sewage was night sewage, which is always weaker 
than day sewage, or that there had been rain during the 
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night, which diluted the sewage flowing into the Liquefy- 
ing Tank, for although the Asylum is drained on the 
" separate " system, some rain water gets into the sewers 
through the washing places. Such a high degree of puri- 
fication as is shewn by the above analyses is not necessary 
for an effluent of sewage farming in India, and the amount 
of purification obtained from a scientifically constructed 
Liquefying Tank without further filtering is all that is 
required, as the land converts the organic matters into 
those which are necessary for the life' of plants and very 
quickly does what the filters would do, leaving the 
effluent in such a degree of purity that it may with safety 
be allowed to flow where it will. 

Neither of the two materials used in these filters for 
filtering purposes has degraded to any large extent, nor 
has any choking of the filters ensued. Of the two 
materials, English coal gives the better result, and this has 
also been noticed in England, but no satisfactory explana- 
tion has been forthcoming. 

Fig. 32 shews a small filter for upward filtration de- 
signed by the late Mr; W. Santo Crimp, M.Inst. C.E., and 



Fig. 32. 
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called a '^ Macerating Tank." Sewage is admitted at 
the bottom of the tank and passes upward through a layer 
of one foot or more of road metal. The solid matter is 
retained in the bottom and is no doubt there disposed 
of by an89robic bacteria as in a Liquefying Tank. 
When cleaning is necessary, the sewage is passed through 
the road metal or filtering material the reverse way and 
the deposit flushed out through a sluice provided for this 
purpose. Thisi class of tank is useful chiefly for arresting 
the solids in the sewage, but its purifying properties are 
slight, as it is constructed of a small size, compared with a 
Liquefying Tank. 

Adjoining the Macerating Tank and combined with 
it is a filter 6 feet by 3 feet by 3 feet deep, shewn in Fig. 33, 
worked on the principle of a Contact Filter. This filter 
receives sewage after it has passed through the Macerating 
Tank, so that it arrives free of solid matter to a large extent. 
The filtering medium used is coal clinker all broken evenly to 




one inch cube. Originally, three inches of river sand at the 
bottom was tried, but this was found to be useless as it was 
gradually all washed out with the eflSuent. 
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This filter is worked in cycles of eight hours, that is to 
say, it is filled in two hours, rests full for two hours, is 
emptied in two hours and rests empty for two hours. 
Sewage at the rate of 250 gallons per square yard per day 
is passed on to the filter, and analyses shew that the puri- 
fication obtained is 80 per cent, or about the same as with 
the Liquefying Tank. This must be considered satisfac- 
tory, as the sewage, which has had practically no previous 
purification, is only in actual contact with the filtering 
material for an average of four hours. In England, filters 
of this description are frequently built in a series of two 
so as to provide for two contacts, and sometimes three 
contacts are considered to be necessary to obtain a satis- 
factory degree of purification. ^ 

When the filter was constructed in October 1899, its 
sewage capacity after careful measurement was found to be 
41 per cent, of its total cubical capacity. It was again 
measured some two months afterwards and found to have 
been reduced to 33 per cent. In July 1902, that is 31 
months later, all the contents of the tank were removed, 
measured, washed, and put back again, and it was found 
that the capacity had been further reduced to 31 per cent, 
or by 2 per cent, only in 31 months, and there was no 
degradation of the clinker filtering material. This is a 
very interesting result, because one of the apparently insur- 
mountable difficulties with this class of filter in England at 
present is the rapidity with which it sludges up, and the 
cost of constantly cleaning such a filter of large area is 
a very serious item in the expense of a biological installa- 
tion. There is no doubt that the Macerating Tank which 
retained the greater part of the solids in suspension helped 
largely to the good result obtained at Matunga, and it goes 
to shew that this kind of filter can be worked without 
serious sludging up for a considerable period, if, in some 
way, the greater part of the solids in the sewage are 
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arrested and not passed on to the filter. If the degree of 
purification attained after passage through this filter were 
insufficient under any particular circumstances, the addi- 
tional purification desired could be attained by furth<3r 
filtration through a second or even a third similar filter. 

Combined also with the filter above described is a 
small covered Liquefying Tank, constructed of lime con- 
crete, the internal dimensions of which are B feet by 4 feet 
by 3 feet. This Liquefying Tank is worked under similar 
conditions to the open Liquefying Tank and supplies the 
Contact Filter with effluent alternately with the Macerat- 
ing Tank. It was worked continuously for eighteen months 
(July 1902), and the results obtained are on a par with 
tno^e with the open Liquefying Tank, the analysis shewing 
a purification of 81 per cent. This result agrees with the 
experiments made with covered and open Liquefying Tanks 
in England. 

Three continuous ^Erobic Filters on Colonel Ducat's 
principle have been erected at Matunga. For descriptive 
purposes these filters are numbered 1, 2, and 3, the 
first having now been working continuously from two to 
six years and the latter two working for three years up to 
1902. The special feature of a Ducat's Filter are (1) the 
side aeration, by which air is passed into the body of the 
filter for the supposed better development of the SBrobio 
bacteria, and (2) the direct reception of crude sewage 
without any previous treatment. 

Plate BO gives a drawing of No. 1 Filter, which is o 
feet by B feet by 8 feet deep or nearly three square yards in 
area, which, at 2B0 gallons of sewage per square yard, is 
capable of dealing with 7B0 gallons per day. The filter 
is supplied with sewage obtained from a bathing place and 
a latrine, used only by a colony of eighteen sweepers atta«?h- 
ed to the Asylum. Early in 1902, a water meter was tixed 
on the supply pipe, which shewed that the sweepers were 
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using 40 gallons of water per head per day or 720 gallons 
in all, so that the filter was then getting its full complement 
of sewage. The water-supply has since then been reduced 
to 10 gallons per head per day and the comparative 
analyses of the effluents will be given later on. 

This side aeration of this filter is much less than 
arranged for in Colonel Ducat's Standard Absaf Filtrr, 
where the walls are honeycombed with pipes. At alternate 
heights of one foot, pipes with butt joints are laid crossways 
through the filter, the joints of the pipes being about J-inch 
apart and meeting the pipes in the wall to enable the out- 
side air to pass freely into the centre of the filter. 

The filtering medium used is **overbumt brick," 
broken from J inch to 1 inch cube, the smallest being 
at the top. This material is too fine for a filter dealing 
with crude sewage only; and though the ultimate results 
have been satisfactory, it is advisable to always have the 
top layer, at any rate^ of coarser material, so that the solid 
excreta, etc., may be the sooner disposed of and also that 
the sewage discharged on to the filter may not ** head up," 
as has here been the case on several occasions. The sewage 
is discharged on to the filter by means of tipping troughs 
as shewn in Plate 42. 

These tipping troughs are automatic, and are balanced 
and hung in grooves, which require to be kept well lubri- 
cated. They tip alternate ways and empty as soon as 
they fill by overbalancing. They are satisfactory, except 
for the objection before stated, that with fine filtering 
material as a top layer they ridge that material in front of 
the discharge from the tippers. 

The filter has, during the six years of its existence, 
given uniformly satisfactory results. Only )ihree times 
during that period has the top foot of the filtering material 
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been removed and washed. It was then found by measure- 
ment that the degradation of the burnt brick had amounted 
to 60 per cent, of its original bulk, and this is an undoubted 
defect in this class of filtering material. 

The following analyses of crude sewage and of the 
effluent taken in December 1900 and in July 1902 shew 
the purification obtained in the 46 minutes which the sew- 
age takes to travel through the filter: — 

PaHs per 100,000. 
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Cmde Sewage, De- 
cember 1900 


380-67 


310-67 


6-73 


2-531 


1-263 


Nil. 


Nil. 


Effluent, December 
1900, 240 gallons 
per sqnare yard ... 


54-67 


Nil. 


5-367 


0-077 


0-067 


0-625 


13-556 


Effluent, July 1902, 
60 gallons per 
square yard 


•^6 


Nil. 


3-85 


0-064 


0-034 


Trace. 


28-8 



The effluent in both casea was exceedingly bright and 
clear and free from any smell, and shewed that a very large 
amount of purification had taken place and that there was 
also very little free ammonia, practically the whole of the 
nitrogenous matter having been purified into nitrates. 

That the filter has maintained its purification proper- 
ties the July effluent undoubtedly shews. 

The experiments made at Leeds under the supervision 
of the Eoyal Commission on Sewage Disposal prove that 
side aeration is not necessary in a Continuous Filter, pro- 
vided the surface of the material is kept open and clean, 
and that there is practically no difference in the purifica- 
tion obtained in an aerated and a non-aerated filter. Such 
aeration is always from the top, the air naturally following 
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the sewage into the filter. As an example of the bacterial 
efficiency of this filter, it may be stated that a large dead 
rat was placed in the filter on one occasion and covered 
with about one inch of filtering material, and when examin- 
ed four days afterwards, the whole of the rat had been 
broken up by the bacteria and had disappeared, leaving 
but a few fragments. 

The success of this filter has been quite phenomenal. 
In the light of present knowledge, the filter has be^i, 
so far as its filtering medium is concerned, wrongly con- 
structed, that is to say, the upper layer of the material is 
fine while it should have been coarse, and the lower part is 
coarse while it should have been fine. Again, nothing but 
crude sewage is discharged on to the filter, and on any 
morning lumps of excreta can be seen on its surface. Yet, 
with those disadvantages, the average of the analyses for 
absorbed oxygen taken every week for nearly twelve months 
gives 0-16 per 100,000 parts. The absorbed oxygen has 
never exceeded during that time 0-23, and on one occasion 
it dropped as low as 0*06 per 100,000 parts. 

The effluent has been uniformly bright and sparkling, 
in a way that no other filter at Matunga Has ever attained. 

The filter has now been working for more than six 
years without intermission, and beyond the occasional re- 
moval of the first foot of the filtering material, nothing has 
been done to it during that time. 

Filters Nos. 2 and 3 have been constructed alongside 
each other as shewn in Plate 61, and each measures B feet 
by 3 feet by B feet in depth, or 3 feet less in depth than 
the minimum recommended by Colonel Ducat. The sewage 
supplied to them is obtained from a latrine and a bathing 
place, erected solely for the use of one of the wards con- 
taining 24 adults. It first passes through a small Macer- 
ating Tank, 2 feet by 2 feet by 3 feet in depth, and is then 
discharged on to the filters. The filtering medium used in 
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No. 2 filter is burnt brick broken into from J inch to J inch 
cubes, and that in No. 3 is English coal broken to the same 
size. For months, the effluents from both filters were turbid 
and cloudy, but in time they gradually cleared and were 
then for some months uniformly bright and clear. 
These two filters were in continual use for nearly three 
years, and the result shews that the depth of the filter of 
Colonel Ducat's design may quite well be less than the 
eight feet stipulated by him, and that with only five feet of 
filtering material a very satisfactory effluent can also be 
obtained. It must be noted, however, in regard to these 
two filters that sewage is first passed through a Macerating 
Tank, where most of the solids in suspension are arrested, 
though no particular purification takes place. 

The following analyses made by the late Dr. Cayley 
in July 1902 shews that the quality of the effluents is ex- 
ceedingly good : a comparison with No. 1 filter can hardly 
be fair, as that receives crude sewage: — 



Parts per 


100,000. 










Total 
Solids. 


1 


'1 


i 

."a 


i 


i 


No. 2 Filter, Brick 

No. 3 Filter, Coal 


05-7 
70-0 


4-64 
4-86 


0-077 
0-009 


0-124 
0-045 


Nil. 
Nil. 


31 00 
39-857 



Both effluents were bright and clear and free from any 
smell and deposit. It will bo noticed that the result 
obtained from the coal-filtering medium is again superior 
to that from the brick, the sewage in each case being the 
same and supplied at the same time. 

Two samples of effluents taken on 10th March, 1901, 
and kept in stoppered bottles until July, 1902, retained their 
clearness and brightness without smell of any kind, ghew- 
is 
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ing that the purification was complete and that there was 
no secondary putrefaction. 

The results obtained at Matunga with Colonel Ducat's 
niters have been uniformly good; but in any installations 
built in the neighbourhood of dwellings, it is desirable to 
give the sewage some previous treatment, for the reasons 
that an open filter receiving crude sewage must always be 
slightly offensive, as faecal matter is likely to lie on the 
surface for some hours before being entirely broken up. 
Matunga has been more fortunate with a Ducat Filter than 
Fveeds, where the discharge of crude manufacturing sewage 
on to a similar filter was found to be a distinct failure, 
though, when worked with a Liquefyilig Tank effluent, the 
result was more favourable. Temperature and the class 
of sewage are probably responsible for the better result 
here. For England, Colonel Ducat has specified that the 
sewage should be heated before being delivered into the 
filter, but that process, whatever its advantage may be in 
England, is certainly not necessary in India. 

After the experiments carried out with Continuous 
Filters in England, side aeration cannot be considered a 
necessary or even a desirable feature in a filter, therefore 
that special peculiarity of the Ducat filter may be dis- 
missed. Again, the two filters above described shew, as 
already pointed out, that Colonel Ducat's minimum depth 
of eight feet is more than is necessary. This is very im- 
portant, as a loss of eight feet in head is far more often 
impossible to afford without pumping than that of five feet 
I'he 8-foot filter has undoubtedly purified crude sewage very 
satisfactorily, but probably in India any Continuous Filt. r 
scientifically constructed would do the same. 

p]arly in 1902 it became necessary to make arrange- 
ments for the drainage of a large Sanitarium in an un- 
sewered district in Bombay and the arrangement shewn in 
Plate 52 was carried out. This installation provides for 
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all the sewage of the establishment being brought to a point 
and discharged into two Macerating Tanks, each 10 feet 
square and 4 feet deep. The tanks are placed side by side, 
80 that they can be worked together or alternately, one 
being in use, while the other is being cleaned or kept in 
reserve. The lowest point of each Macerating Tank is con- 
nected by means of a sluice and a 9-inch pipe to a sludge 
tank for cleaning purposes. The sewage from the Sanita- 
rium flows in at the bottom of the Macerating Tank and 
fillers upwards through fourteen inches of road metal, the 
level of which is raised slightly higher than the weir con- 
nection with the open drain which leads to the filters, thus 
avoiding room for the growth of mosquitoes in the standing 
sewage. The filters are three in nximber and are con- 
structed in a similar manner to Colonel Ducat's Absaf 
Filter. Each of them is 25 feet by 8 feet by 6 feet in depth : 
the sides are of concrete, honeycombed with 3-inch stone- 
ware pipes, spaced about 3 inches apart: the outer ends 
of these pipes are at a higher level than the inner, the slope 
being to guard against the fluid passing out from the sides 
of the filter. Longitudinal and lateral pipes with open 
joints run right through the filter for the promotion of 
ypration, and these are spaced about 2 feet 4 inches apart 
horizontally and 1 foot 5 inches vertically. 

The filtering material is entirely clinker, varying from 
f inch at the top to J inch at the bottom. The sewage 
is discharged on to tipping troughs from open channels 
running at right angles to them. The troughs are of the 
same kind as those described for the Ducat Filters at 
Matunga and are fixed 1 foot 9 inches apart from centre 
to centre, each trough running the full width of the filter, 
and the sides of each trough are 3 inches apart at the top. 



The installation is designed to completely dispose of 
the solid and fluid matter from 36 water-closets, the sullage 
from 50 nahanis and all the waste water from the cook- 
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rooms. The efiSuent from the filters discharges into an 
ornamental tank surrounded by ferns, in which gold fish 
thrive, and the effluent can be used Avithout any offensive 
smell for gardening purposes. The Sanitarium was con- 
structed to accommodate 200 people, but that number has 
been often largely exceeded. 

This installation is in a residential part of the town, 
and the Sanitarium is almost always fully occupied. 

The following analyses of the crude sewage and of 
the effluent made by the late Dr. Cayley shew how exceed- 
ingly satisfactory the purification is: — 





Crude 
Sewage. 


Efflaent. 


Proportion. 




Free AmmoDia 


17-32 


0-2 


Parts per millioD. 




Alb. AmmoDia 


5-44 


0-28 


Do. 




Chlorine 


3-2 


4-9 


Grains per gallon. 




* Total solida 


59*00 


47-0 


Do. 




Diaaolved BolidB 


3600 




Do. 




Sospended solids 


2S-0U 




Do. 




Nitrites 


Nil 


•126 


Parts per 100,000. 




Nitrates 


Nil 


4-5 


Do. 


• 



" A very good effluent. Most of the organic matter has been 
converted into nitrates." 

The effluent for this analysis was taken 35 minutes 
alter the crude sewage, but it is evident that the effluent 
is one of a stronger sewage. The result is eminently satis- 
factory, and with the experience gained at Matunga there 
is no reason to suppose that the installation will not always 
continue to work well. 

Up to the end of 1906 the installation has given uni- 
versally good results. Analyses made from time to time 
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shew that the absorbed oxygen varies little from 0*20 
per 100,000, which is an exceedingly good result. Occa- 
sionally, the Macerating Tank has been cleaned, but not 
oftener than once in six months. This fs undoubtedly the 
disadvantage of the installation and the Author cannot re- 
commend such a combination. A Liquefying Tank takes 
more room, but purification is done with little or no nui- 
sance to the neighbourhood, while with a Macerating Tank 
there soon comes a time when it is overcharged with organic 
matter and a nuisance results, and there is a further nui- 
sance when all the materials of the tank have to be removed 
for cleaning purposes. The filters have always been satis- 
factory, but the construction of the Macerating Tank has 
been an undoubted defect in the installation. 

Continuous Filter fitted with Stoddart's 
Distributors. — Adjoining the two 5-foot Ducat Filters 
shewn on Plate 53 and sharing the same sewage with 
them, has been erected another filter, 5 feet by 5 feet by 
4 feet deep. The special feature of this filter is its " Distri- 
butor," which was first designed by Mr. F. Wallis Stoddart, 
F.I.C., F.C.S., Public Analyst for Bristol; but in other 
ways it is just an ordinary continuous filter with closed 
sides. It is not a filter on to which it would be satisfactory 
to discharge crude sewage: such sewage should either be 
closely screened or passed through some previous treatment 
before it could with success be applied to a " Stoddart's 
Distributor." Several of these filters have been working 
near Bristol for a considerable time, with, it is stated, quite 
satisfactory results. 

Plate 53 shews the patent "Distributor;" it is 
made of thin galvanized iron and consists of a number 
of narrow gutters arranged at right angles to the 
supply channel, and rests upon its margin and upon a 
suitable support at the other end. The level of the " Dis- 
tributor " is so arranged that the sewage from the channel 
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flows equally into all the gutters. In these gutters there 
are a series of holes in which nails are loosely inserted. 
Besides these nail-holes, slots are cut in the top of the cor- 
rugations of the gutters. The sewage fills the gutters until 
it overflows through the slots, and, passing along the under- 
sides, drips continuously from the nail points on to the 
filter, like rain. 

The " Distributors " are made in sections, 8 feet long 
by 1 foot 6 inches in width, and are placed about 9 inches 
apart on the filters and 3 inches above the filtering me- 
dium. 

The " Distributors " work by gravitation and require 
no head. This filter has closed sides and the filtering me- 
dium is burnt brick, broken to f inch cube. It is combined 
with a Macerating Tank as are the Ducat Filters Nos. 2 
and 3, and it has been working more or less continuously 
for twelve months, but still the effluent has been turbid and 
unsatisfactory. 

The following is the analysis of an effluent made by 
the late Dr. Cayley in July 1902, when the filter had been 
in use for twelve months: — 





Farts 


per lOOftUO. 










Total 
Solids. 

Chlorine. 

Free 
Ammonia. 


^1 

< 


Nitrites. 


1 


Stoddart's Filter 


571 


4-57 


116 


0-56 


•736 


!-77 



The late Dr. Cayley says: — "The effluent was tluck. 
" dirty-looking, and had a bad smell. There was a con- 
" siderable amount of suspended organic matter, i.e., un- 
"convorted sewage, equalling 9 grs. per gallon. The free 
*' ammonia was enormously high, the figures above Being 
" only approximate, as the amount was too great to allow of 
** a proper test. Very little nitrification has taken place. 
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"This is a very bad effluent. This effluent was evidently 
" in a high state of putrefaction and continued to decom- 
** pose after 24 hours in a bottle." 

^ There is therefore little real purification in this effluent, 
a reduction of the solids being apparently all that has so 
far been achieved. 

Another analysis made by the late Dr. Cayley, on 2nd 
October, 1902, shews very little improvement on the pre- 
vious one. In this instance, crude sewage as well as the 
effluent from the filter was analysed: — 





Crude 
Sewage 


Effluent. 


Proportion. 


Free AmmoDia 


10-640 


13-3-20 


Parts \ er million. 


Alb. Ammonia 


5-2 


3-540 


Do. 


Chlorine 


3-3 


3-4 


Grains per gallon. 


Total Solids 


74 


38 


Do. 


Dissolved Solids ... 


32 


.•..a. 


Do. 


Suspended Solids 


15 




Do. 


Nitrites 


Nil 


Trace. 


Parts per 100,000 


Nitrates .. 


Nil 


0-9 


Do. 



" A very poor effluent, containing some solid faecal mat- 
ter, as well as being thick and having a strong smell." 

There is little improvement in the effluent during the 
three months interval between the two analyses; and, be- 
sides the reasons previously given, it is possible that the 
less depth of the filtering material — this filter being only 4 
feet in- depth and the Ducat's Filter alongside being 6 feet — 
had something to do with the continuous indifferent results 
obtained. 
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It is also more than probable in a filter receiving 
sewage, as this does, that the covering up with plates of a 
considerable area of the surface of the material and the de- 
livery of the sewage from the nails on to exactly the same 
spot day by day, may have something to do with the p<^r 
results obtained. Whatever may be the reason, the fact 
remains that after fifteen months' trial the effluent leaving 
the filter is still in a putrefactive condition. 

It will be kept in view that the sewage supplied to the 
two 6- foot Ducat Filters and the Stoddart's Filter was 
exactly the same, being supplied from the same channel 
with branches to the different filt<>rs. 

With the high temperature in this country, a filter 
should be in full working order in a month, provided the 
sewage has some previous anaerobic treatment; but if sew- 
age is only screened or passed through a Macerating Tank, 
the probability is that it will be some months before it gives 
a satisfactory effluent. 

An interesting experiment was made with the Stoddart 
and Ducat Filters by removing the Stoddart Distributors 
from the former and placing them on the latter, and re- 
moving the tippers from the latter and placing them on the 
former. This experiment resulted in an almost immediate 
improvement in the Stoddart Filter effluent and a corre- 
sponding decrease of purification in the Ducat Filter effluent, 
which had been previously imiversally bright for many 
months and almost immediately commenced to shew signs 
of opalescence. 

On the 26th of October, 1902, Mr. G. Midgley Taylor, 
M.I.C.E., F.C.S., made an estimate of the oxygen absorb- 
ed by the sewage entering the Ducat and Stoddart Filters, 
and by the effluents discharged from each of them, with the 
following results: — 

Parts per 100,000. 

erode sswage 1'12, oxygen absorbed in i. hours' 

Effluent from the Stoddart Filter ... O'TO „ „ „ „ 

Ducat Filter ... 0-12 „ „ m „ 
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This confirms the strong probability previously men- 
tioned, that the covering of the surface of the filter, built 
with closed sides, with plates, of the description of a 
Stoddart Distributor, is deleterious to the working of the 
filter, and tends to prevent air passing into the filter from 
the surface, which is a necessity in a filter of this descrip- 
tion. The previous analysis of the effluent of the Stoddart 



Fig. ?A. 
Filter made by Dr. Cayley shewed that effluent to be in an 
advanced state of putrefaction : the latter result therefore 
is a great improvement in purification. 

The above results with a Stoddart's Filter are not as 
satisfactory as they should be. In 1903, the Author had the 
pleasure of meeting Mr. Stoddart at Bristol and also the 
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opportunity of inspecting his filters at Horfield, and cer- 
tainly the results obtained there were at that time very 
much in advance of anything obtained at Matunga. Hav- 
ing this in view, the Author decided early in 1904 to con- 
struct a new Stoddart's Filter on somewtat different lines. 

A filter was therefore constructed 7 feet by 6 feet by 
6 feet deep. A photograpli of this is shewn in Fig. B4. 
The filter is constructed on a sloped concrete base with 
four posts built into the concrete at the comers and the 
whole surrounded by wire to support the filtering medium, 
which in this instance is coal clinker of the best quality, 
carefully washed before being placed in position. 

The effluent from the Liquefying Tank is pumped direct 
to the Stoddart Distributors. Eegular weekly analyses for 
absorbed oxygen*, taken from July 1904 to August 1906, 
shew that at an average temperature of 81"* F., the absorbed 
oxygen was 0-326 per 100,000 parts, while that for the 
effluent from the Liquefying Tank was 0*921. 

After the first week, the analysis shewed that the 
absorbed oxygen in four hours per 100,000 parts was 0*67. 
After seven weeks working, this dropped down to 0*30, 
wnich was a fairly satisfactory result. This result was main- 
tained with slight .variations both ways until the end of 
August 1906. The effluent takes about fifteen minutes to 
run through the filter and the average percentage of purifi- 
cation obtained in that time is 66. There is little doubt 
that a Stoddart Filter built under the conditions shewn in 
the above photograph should be successful, and nothing 
can be more simple and economical in construction. 

The filter has required practically no attention and 
has shewn no signs of deterioration. 

In September 1902, the Author constructed at Ma- 
tunga a circular filter, which is called a " Streaming 
Filter." The sides of this filter are constructed of dry brick 
supported at four places by dry rubble stone buttresses. 
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The filter is 12 feet in diameter by 7 feet in height. The 
filtering medium is coal clinker, of uneven size from 2 to 3 
inches. Effluent from tHe Liquefying Tank is distributed on 
to the filter by one of Adams' Patent " Rotating Distribu- 
tors-" 

This distributor consists of a bucket rotating on ball 
bearings and fitted with radial arms of |-inch galvanized 
pipes perforated with holes every five inches. These noles 
are made only on one side of the pipe and in opposite direc- 
tions to one another, the pressure of the water on the sides 
opposite to the holes forcing the arms to revolve. The ap- 
paratus can be worked with two or more arms according 
to the flow of sewage. 

The radial arms depend for their velocity upon the 
head of liquid and angle of delivery; and by depressing 
the arms the number of revolutions can be increased. 

If it is desired to sluice the filter out, the arms should 
be depressed and the flow of sewage increased to such an 
extent that in a short time the filter is cleansed of its solid 
matter. This is a very satisfactory way of cleansing the 
filter and is obviously more economical than removing all 
the material and washing it. 

The amount of material remaining in the filter is, 
however, small, as filters worked on this principle eject a 
certain amount of the solid matters along with the effluent. 
The solid matters thus ejected are quite innocuous and 
readily settle, leaving the liquid effluent brilliant and clear. 

The Liquefying Tank effluent takes about fifteen 
minutes to pass through the filter: tlie radial arms 
thoroughly distribute it over the surface of the filter, and 
the discharge ai the bottom is equal at all points. 

The following are the three analyses, made in 1902, by 
the late. Dr. Cayley, of the Crude Sewage, the effluent from 
thQ Liquefying Tank, and the effluent from the Streaming 
Filter, the latter being after the Streaming Filter had Venn 
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in work for a fortnight. This Dr. CayFey describes as 
having a slight milky appearance, faint brownish tin^e, 
trace of sediment, and slight earthy smell: — • 



Free Ammonia ... 
Alb. Ammonia , 

Total Solids 

Suspended Solids 

Chlorine 

Nitrites as NOj 
Nitratfs— 

asN 

as NOt 



Crude 
Sewage. 


Effluent 

from 
Liqnefy- 
ing Tank. 


Effluent 

from 

Streaming 

filter. 


Proportion. 


11-300 


9-408 


3-040 Parts per million 


26-450 


2-5-20 


1-480 


Do. 


102-00 


23-00 


18-00 


Qrains per gallon. 


53-00 


3-00 


... ' Do. 

1 


3-6 


2-4 


2-1 Do. 


... 


... 


1 314 


-| 


••• 




J 
0-35 


.Parts per 
^ 100,000 


... 


... 


1-55 


. 



This effluent, although the Streaming Filter had then 

worked for only fifteen days, is nearly as good ss that 

obtained from the Double Contact Beds, hereinafter de- 
scribed. 

That the effluent has improved since the analysis was 
made by Dr. Cayley there is no doubt. It is much clearer 
m appearance, and an estimation made by Mr. G. Midgley 
Taylor, M.I.C.E., F.C.S., of the oxygen absorbed in four 
hours, on the 26th October, 1902 — twelve days after the 
analysis made by Dr. Cayley — shews it to be a first class 
effluent. A sample of the Liquefying Tank effluent taken 
from the radial arms, and fifteen minutes afterwards a 
sample of the effluent from the filter, gave the following 
results: — 

Parts per 100,000. 

Liquefying Tank effluent 0*59 1 Oxygen absorbed in 

Streaming Filter effluent 0*07 f 4 hours. 
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Taking into consideration the fact that the Streaming 
Filter had been then in use for only about a month, the 
above results cannot be considered otherwise than exceed- 
ingly satisfactory. 

Since the above date, the filter has continued to work 
for several hours every day and is still (1906) working. 

Eegular weekly analyses have been taken for absorbed 
oxygen, and the result has been uniformly good. The high- 
est record of the absorbed oxygen was 0-34 per 100,000 
parts and the lowest was 0*07, while the average for a 
period of one year was 0*21 — a satisfactory result. Lique- 
fying Tank effluent at the rate of 440 gallons per square 
yard per diem, equal to nearly 2,000,000 gallons per acre, 
is passed through this filter. 

The filter is very simple in construction and has re- 
quired no kind of attention. The rotating distributors work 
easily under a head of one foot six inches. Beyond the 
fact that the ball bearings require to be lubricated -and the 
orifices in the arms to be occasionally cleansed, the appa- 
ratus needs no particular supervision, and undoubtedly this 
class of filter has a great future before it. 

Contact Beds. — Contact beds are so called because 
sewage remains in them in contact with the filtering mate- 
rial for some length of time. As is described hereinafter 
in this Chapter, the effluent from the Liquefying Tank at 
Matunga flows by gravitation from a raised iron tank on 
to a series of two contact beds through a 2-inch pipe. 

Before discharging on to No. 1 bed, the effluent from the 
Liquefying Tank is discharged into a measuring tank as 
shewn on Plate 54. This measuring tank holds, when lull, 
2,600 gallons of effluent — the exact quantity required to fill 
each contact bed in turn, and has a recorder which re- 
gisters its dischaiges. It is fitted with a siphon, which 
automatically discharges the contents of the tank when the 
latter is full. 
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The size of each contact bed is 30 feet by 17 feet by 3 
feet 4 inches of useful depth. In each bed a small chamber 
is partitioned off at the outlet side of the bed by three masonry 
walls in which an Adams' Automatic Timed Siphon 
is placed. The over-draw arm of the siphon goes through 
one of the partition walls and dips into tne liquid contents 
of the bed, the inlet to the arm being protected by a per- 
forated half-round galvanized iron sheet. A small bent 
pipe is placed at the side of the siphon, one end dipping into 
the small chamber and the other into the liquid contents 
of the bed. When the latter is full, the pipe begins 
to lead the effluent from the bed into the small chamber, 
the rate of flow being regulated by a stop-tap fixed on the 
pipe in the chamber. When the chamber is filled to a 
certain height, the siphonic action comes into play, dis- 
charging the whole of the contents of No. 1 bed into No. 2. 
The duration of contact thus depends on the time the cham- 
ber takes to be filled to the requisite height, which is, as 
stated above, regulated by the stop-tap. The same proce- 
dure then takes place in the No. 2 bed as in No. 1, the final 
discharge from it being into an open channel communicat- 
ing^ with the main channel, which empties itself into two 
of the wells on the sewage farm. The filtering medium 
used in both the beds is coal clinker, that in No. 1 being 
broken to pass through a screen with 1-inch meshes and 
that in Xo. 2 through one with f-inch meshes. 

The following has been the cycle in vogue for the 
iiiling and the emptying of the contact beds during 24 
hours: Xo. 1 contact bed commences its contact at 9 a.m. 
each morning, and remains so until 11 a.m., when it auto- 
matically discharges into Xo. 2 bed — a proceeding which 
takes exactly 30 minutes. No. 2 bed is then in contact 
until 1-30 P.M., and is finally emptied by 2 p.m., Bott 
beds then remain empty until 6 P.M., when No. 1 
fills again and is in contact until 7 p.m. It then automa- 
tically discharges into No. 2 bed, and the same procedure 
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as in the morning takes place, No. 2 bed being tinally 
emptied at 10 p.m., after which both the beds remain 
empty until 9 a.m., the next morning, so that in the 24 
hours each bed rests empty for BJ hours after the first 
contact and 13J hours after the second contact. 

The contact beds commenced working witli the effluent 
from the Eiquefying Tank on the IBth of September, 1902, 
from which date until the end of the month they received 
one filling a day; and from 1st October and onwards they 
received two fillings a day, as described above. 

On the 13th and 14th of October, 1902, Dr. Cayley 
made the following analyses: A sample of crude sewage 
entering the Liquefying Tank at 8 a.m., on 13th October 
was taken by removing a certain quantity of sewage every 
ten minutes until a bucket was filled: the sewage w^as 
then stirred and mixed, and a bottle removed for analysis. 
Dr. Cayley describes the sample as " thick, dirty yellow ; 
considerable quantity of faecal sediment ; offensive smell. ' 





Crude 
Sewage. 


Effluent 

from 
Liquefy- 
ing Tanic. 


Effluent 

from No. 1 

Contact 

Bed. 


Effluent 

from No. 2 

Contacc 

Bed. 


Proijortion. 


Free Ammonia .. 
Alb. Ammonia ... 


11-300 
26-450 


9-408 
2-520 


4-704 
1-740 


2-640 
1-180 


[Parts per 
j million 


Total Solids ... 
Suspended Solids. 
Chlorine 


102-00 

53-00 

3G 


23-00 
3 00 
2-4 


16-00 
*^1 


1500 
205 


1 

Grains 
f per 
gallon. 


Nitrites as NO,... 


... 


... 


... 


0-115 


>l 


Nitrates 










Parts 


asN 


1 


... 


... 


0-5 


^ per 
100,000. 


Hs NO, 


1 - 


... 


... 


2-214 


J 
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During the fortnight succeeding the 15th of October, 
1902, a very striking improvemen1> was noticed in the eflSu- 
ents from both the contact beds. This was undoubtedly due 
to the fact that the beds were getting into good working 
order and also to the increase in the temperature of the 
sewage. An estimate of oxygen absorbed in four hours, 
made by Dr. D. A. Turkhad, M.B., CM. (Edin.), on the 
18th October 1902, of the effluent of the 2nd Contact Bed 
gave a result of 1-35 of absorbed oxygen in parts per 
100,000. A similar estimation made on the 26th October 
following, also by Dr. D. A. Turkhad, gave a result cf 0*42, 
shewing a large increase of purification in the week's work- 
ing. On the 26th of October, 1902, an estimate, made 
by Mr. G. Midgley Taylor, M.I.C.E., P.C.S.. of the effluent 
of the same contact bed gave 0*28 of oxygen absorbed in 
four hours in parts per 100,000. 

These figures shew that after only six weeks' working 
a result is obtained equal to any in Europe, even after 
passing through a series of three contacts. 

About the middle of June, 1904, that is to say, nearly 
twenty-one months after the beds were started, an experi- 
ment was made by shortening the time of the contact to 
only one hour in each bed; but the result of the weekly 
analyses was unsatisfactory, and after working thie beds 
for two months with the lessened contact, the original 
arrangement was restored. 

Tlie contact beds were started in October, 1902, and 
they have been worked daily for just under three years, 
during which time the silting up has been very gradual, 
indeed. At the end of August, 1905, it was found by care- 
ful observations that No. 1 bed had silted up to the extent 
of 25 per cent, of its water capacity, and No. 2 to a con- 
siderably less extent. For three years working this must be 
considered a satisfactory result. It remains to be seen how 
long the beds will take to right themselves; tor from the 1st 
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September, 1906, neither of them has been in operation, but 
on refilling the beds on the 16th February, 1906, it was 
found that they had thoroughly cleared themselves and 
wore again in perfect working condition. 

The average of analyses for absorbed oxygen, taken 
weekly for about eighteen months, gives the effluent from 
the 1st Contact Bed as 0*46 per 100,000 parts, while for 
that from the 2nd Contact Bed as 0-29. 

Of all the combinations above described, there is little 
doubt that a Liquefying Tank, combined with a continuous 
filter, gives the purest effluent and an effluent which is in 
many ways actually better than much of the water con- 
sidered to be potable in India. But the process under this 
combination is a comparatively long one, even in the 
climate of India, as it takes between eight and nine hours 
to be complete. 

The combination of the Macerating Tank and the 
6-foot Ducat Filter has been very successful at ilatunga, 
the process taking only some twenty-five minutes, that is, 
five minut(is through the Macerating Tank and twenty 
minutes through the filter; but it has the drawback, and it 
is rather a serious one, of not giving a satisfactory effluent 
ordinarily until some months after it has started. It is 
doubtful whether a Ducat Filter by itself dealing with 
crude sewage should be recommended for use in a large 
way. It ha« be^n eminently successful at Matunga, deal- 
ing only with pure domestic sewage, but for use on a large 
scale some previous treatment of the sewage is desirable for 
the reasons previously given. 

As pointed out, land in India is generally available 
for sewage farming, and nothing more than treatment 
of the sewage in a Liquefying Tank is therefore neces- 
sary. Such a purified sewage as is obtained from the 
-combinations described, is not worth the expense necessary 
to obtain it, and the extra purification gives no special 

18 
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advantage over ilie Liquefying Tank effluent when it is to 
he applied to the irrigation of crops. Effluent from the 
various combinations has been several times tried upon 
the crops at Matunga, but the result was not commensurate 
with the expense of building the filters. 

Of all the " Distributors/' probably some form of a cir- 
cular sprinkler gives the best results. All tipping troughs 
have the fault of ridging fine filtering material. The ori- 
fices in fixed pipes are liable to choke, but this disadvan- 
tage is not so noticeable in rotating arms, the Adams' type 
of which has given satisfaction at Matunga. 

The best filtering medium used at Matunga has been 
coal clinker. '* Over-burnt brick," after being in use for 
some months, degrades badly, and so to a lesser extent does 
Knglish coal; but if clinker is carefully picked, there will 
be no degradation for years. Probably the best material 
is coke, but its cost is somewhat prohibitive. 

The Author has had the opportimity of reading the 
able and interesting paper by Major Ernest Roberts, I.M.S., 
published in " Scientific Memoirs by Medical OflHcers of the 
Army of India," Part XIL 1801; Hut the limits of this 
chapter only admit of a very brief reference to it. 

The biological deductions recorded bv Major Roberts 
are not altogether in agreement with those ascertained in 
Bombay. Major Roberts has laid considerable stress on 
the necessity of providing three distinct stages for tlie 
purification of sewage: First, anaerobic through a Lique- 
fy mg Tank,, either closed or open, or by upward filtration 
on the Scott-Moncrieff plan ; secondly, intermittent down- 
ward filtration ; and thirdly, filtration through porous araWe 
land. He also states that it is undesirable to depend solely 
on downward filtration, and recommends a combined Scott- 
Moncrieff and Intermittent Downward Filter for Canton- 
ments. 
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The experiments at Matunga )iave now lasted for over 
ten years, and though the sewage is in quantity only some 
20,000 gallons per day, still the opportunities for observinj^ 
biological results have been greater than elsewhere in India. 
Further, although the sewage flowing into the Liquefying 
Tank is only of average strength and dilute, that supplied 
to the Ducat Filter is stronger and equal to 10 gallons per 
head. 

One of the very prominent results demonstrated at 
Matunga shews that an eight hours purification in a Lique- 
fying Tank and a subsequent fifteen minutes passage 
through an ^robic Filter (i^., two processes) is sufficient to 
give a very high purification result. Also that sewage 
passed through a Macerating Tank, which is an improve- 
ment on a Scott-Moncrieff Upward Filtration bed, does not 
give immediately satisfactory results, as has been shewn 
earlier in this chapter in regard to the 5-foot Ducat and 
the Stoddart Filters. 

Major Roberts states that the " Dibdin, Ducat, and 
•* Absaf processes are entirely unsuited to the concentrated 
" sewage of Cantonments and of Natives, even with the 
" most extravagant preliminary dilution with water." 

The reverse has been the experience at Matunga, where 
an 8-foot Ducat Filter, dealing with crude sewage derived 
from a colony of sweepers, has been working continuously 
for five years. The amount of water (originally. 40 gaUcwas 
per head and now only 10 gallons per head) supplied with 
the sewage to the filter is measured by meter, so that th^ 
extent of dilution is not open to question, and the success 
of the filter has not been exceeded in any installation that 
the Author has seen. There has been no appreciable 
choking in the body of the filter, neither was there any 
trouble at the start, as in about six weeks it was in good 
working order. 
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As already stated, of all the combinations that have 
been discussed in the foregoing pages, the Author considers 
that a Liquefying Tank combined with a Continuous 
/Erobic Filter, will give the greatest satisfaction. A Licjue- 
fying Tank should be constructed to give a contact of eig:ht 
hours in a climate where the ter^peraturc does not fall 
bolow 55^ F. In districts where the temperature falls to 
freezing point and even below it, the tank should be con- 
structed to hold from ] 2 to 24 hours' supply of sewage. 

A satisfactory depth for an /Erobic Filter is 7 feet, 
[f that depth can be attained, success is assured. The 
filtering material should be either coke or coal clinker, any 
other filtering material, though suitable in other respects, 
being apt to degrade in time. The size of filtering material 
should range between 3 inches as a maximum and 2 inches 
as a minimum. 

The most economical construction of a filter is shewn 
in Plate B5. Wire is easily obtainable nearly everywhere 
and it is also cheap. Undoubtedly, the success of the recent 
Stoddart Filter at Matunga is largely due to its open sides, 
for although open sides are not a necessity in cases where 
air can freel}'' penetrate the filter from the top, yet with 
closed distributors, sucli as Stoddart's, the Author is of 
opinion that open sides are desirable. 

The day of contact beds has passed ; and although 
purification may be eventually satisfactory, the process is 
long and there is the certainty that they will eventually 
silt up to a greater or less extent. 

In the appendix attached to this book, there will be 
found an interesting joint account by Messrs. Owen Travis, 
M.D., Bar.-at-Law, and Edwin Ault, C.E. The process 
which these two gentlemen put forward takes place in what 
they term "a Hydrolytic Tank" and "Oxyd'sing Bed." 
Briefly, they advocate the abolition of Liquefying Tank 
treatment, excepting so far as sludge is concerned, and 
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would merely pass the sewage through a settling tank at a 
just sufficient velocity to deposit the organic matter: the 
sewage is then passed on to the Oxydising Beds, and it is 
claimed that the process not only takes a much shorter 
period but also gives a better purificatory result than the 
present method of Liquefying Tank treatment and continu- 
ous filtration. Sufficient experience has not yet been 
obtained to state whether this improved process wilT be 
-entirely successful, but from the account published the 
process seems to promise well. 

One of the worst forms of sewage that the Sanitary 
Engineer has to deal with, and one that is often met with 
in India, is undoubtedly that from tanneries. It is usually 
composed of spent lime and other chemicals, highly charged 
with organic matters, both of animal and vegetable origin. 
Sewage of such composition as this cannot be treated 
biologically; it can only be satisfactorily dealt with 
either by chemical treatment or by passing it through 
precipitating tanks, after first cleaning out floating matter 
such as hair, etc., and afterwards largely diluting it with 
fresh water and discharging it either into the sea or a 
river. The usual method of treating tannery sewage in 
England is to add Sulphate of Alumina^ which can be 
cheaply purchased under the trade name of Aliunino-ferric. 

The chemical effect of the addition of alumino-ferric 
to tannery sewage, which is strongly alkaline owing to the 
lime used in the tanning process, is to produce a dense 
precipitate, which in settling carries down solid matters 
and also certain portions of dissolved organic matter, 
at the same time removing a large proportion of the colour 
from the efBuent. The effluent, however, from the tank 
is, even after being chemically treated, of a foul and offen- 
sive nature. All tannery sewage, before entering the 
precipitating tank, should be efficiently screened through 
screens with spaces not more than J inch wide. The bars 
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of these screens should be rectangular in shape, the screens 
themselves sloping at an angle of 46^ a hand rail being 
provided at the top to enable the raking of the screens to 
be easily and safely effected. A scum board should also 
be placed across the tank to catch any floating substances 
that evade the screen. All screenings and surface floating 
matter removed from the tanks should be burnt. The solid 
matters retained in the precipitation tanks will require to 
be removed from time to time, and the best means of doing 
this is by employing a chain pump. 

It is desirable in case of all tanneries that arrange- 
ments should be made to compel each owner to treat the 
sewage of his own tannery before it leaves the premises. 
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CHAPTER VL 



TANK GAS. 

In dealing with the subject of gas obtained from a 
Liquefying Tank, the Author has decided to relinquish 
the use of the term " septic gas " hitherto employed and to 
substitute therefor the term "tank gas, as being a moro 
practical term in relation to the particular gas in question, 
which consists of four constituents, namely, marsh-gas 
(OHO, hydrogen (H), nitrogen (N), and carbon dioxide 
(COj ); for while this coipbination has no specific name in 
Chemistry, the use of the word " septic " to represent it 
may be considered to be a misnomer, particularly because 
that word has a specific use in Surgery and refers to the 
putrefactive or animal poisons which permeate the blood 
and, having exclusively organic origin, is associated with 
Bacteriology. Under these circumstances, the change is 
rendered desirable and has the sancticm of practicality at 
least to recommend it until a better term is found to super- 
sede it. 

In the opinion of the Author, there is a great future 
for tank gas in the East; for, in the first instance, beyond 
the first cost of covering a liquefying tank and the con- 
struction of a gas holder and a purifier, tliere is no further 
cost for generating the gas. Then agrain, after being 
purified, the tank gas can be used for power in a gas 
engine to actuate any machinery, and also for heating or 
lighting. Quisgue sua lampas! 

At Matunga, all the gas that can be obtained from the 
liquefying tank is made use of in one or other of the three 
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above-mentioned ways. The daily supply is fairly con- 
stant, while the quantity is only limited by the population, 
the average temperature, and the pressure at which the gas 
is drawn off. It must be remembered that the gas is 
highly explosive, and as this is the case, care is necessary 
in dealing with it, the insertion of a piece of gauze in the 
gas delivery pipe being desirable to prevent firing back. 

EXPBBraBNTS AT MaTUNGA. 

Since the early part of 1902, the Author has been 
experimenting with the gas grenerated in the liquefying 
tank at Matunga. Early in that year the No. 1 Compart- 
ment of the tank was covered with a galvanized iron gas- 
tight cover of a semi-circular shape, which was laid on the 
side walls on a jointing of red lead and bolted firmly to the 
masonrj'. This mode of fixing the cover did not prove 
altogether successful and many coatings of pitch were 
subsequently required to make it gas-tight. 

At a later date, when covering the second compart- 
ment of the tank, the iron cover was so constructed as 
to rest on a ledge in the walls some nine inches below the 
surface of the sewage, which thus formed a wat«r seal. 
This method proved to be quite satisfactory and allowed 
of the cover being placed in position without any trouble. 
At one end of each cover two inspection doors are fixed to 
give access to the tank when necessary. 

In covering the liquefying tank, it must be remembered 
that no other material is so suitable as iron, as admixture 
with the outside atmosphere is fatal to the well-doing of 
the gas. With any material, such as brick-work or con- 
crete, even when covered with a layer of earth, the gas 
will find its way through. Even with an iron cover, great 
care must be exercised in making the joints, which shoiild 
invariably be made with tape. 
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In the earlier oxp»eriments that were made, wKich 
are described in the Author's Oriental Drainane^ only 
a small gas-holder, 6 feet in diameter and 4 feet high, was 
used. At that time only one compartment of the liquefy- 
ing tank was covered. When the second compartment was 
«!Overed, two large gas-holders were erected: the larger 
of these is capable of holding 1,200 eft. of gas, and 
the other 600 eft., while the smallest holder holds 60 eft. 
only. All three holders are in communication with 
each other and can be filled one from the other at 
will. The gas is drawn off from the roof of the tank 
through a 4-inch cast iron pipe, by means of the suction 
action produced by the gradual raising of the gas-holder 
by counterbalance weights, and is first led into the purifier, 
a small drawing of which is given in a comer of Plate 
No. 54. In the purifier, the gas is passed through slaked 
lime to remove the carbonic acid gas. After passing 
through the purifier, it is conducted by a 4-inch pipe into 
the gas-holder. The section of the gas-holder shews two 
pipes fixed in the centre, one a 4-inch pipe for filling the 
holder and the other a 2J-inch pipe for the delivery of 
the gas, for whatever purpose it may be used. The dia- 
meters of the entry and exit gas pipes are governed by the 
size of the installation. 

Much care is required in the construction of the gas- 
holder. After the gas-holders are once in position, leaky 
joints are very difficult to deal with. A gas-holder should 
be rivetted on the spot at which it is intended to be erected 
and all the joints should be most carefully made with tape. 
The same remark applies to the purifier. At the lowest 
points of the gas pipes a cock should be inserted for the 
removal of any condensed water. This is very necessary, 
for water accumulates in the pipes to such an extent as in 
time to completely stop the gas from passing through. 
Another necessary precaution is the placing of a piece 
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of copper gauze on the entry and exit pipes to prevent any 
chance of the gas firing back. 

Plate No. 64, which is a plan of the Biological Instal- 
lation at Matnnga, shews also the details of the gas 
arrangements now in use. 

A similar experiment with gas is said to have been 
made at the Exeter Sewage Disposal Works at Belle Isle 
by Mr. Donald Cameron, M.I.C.E., the late City Engineer, 
and there the gas was drawn from the cover of the twxk. 
by an aspirator or fan, to supply the power for working 
a gas engine and for illuminating purposes. It is said 
that at Exeter, roughly, one cubic foot of gas was obtained 
per head of population per' day at an average temperature? 
of about 56" F. 

Dr. S. Eideal, who analysed the gas at Exeter on two 
occasions, gives its composition in percentages by volume 
as follows: — 

Carbonic Acid 0-3 0*6 

Marsh Gas 20*3 24-4 

Hydrogen 18-2 36-4 

Nitrogen Gl-2 38 '6 

Total 100-00 100-00 



Broadly speaking, it may be said that tank gas is 
made up on an average of 20 to 24 per cent, of marsh gas 
and 18 to 36 per cent, of hydrogen, or, say, altogether an 
average of 60 per cent, of combustible gases; so that the 
quantity of gas necessary for each brake horse-power for 
working a gas engine would be double that of ordinary 
coal gas. 

An analysis made by Major CoUis Barry, I.M.S., 
Chemical Analyser to Government, of the gases collected 
from the tank at Matunga is as follows: — 

Carbonic Acid 6-32 

Marsh 21-26 

Hydrogen 13-62 

Nitrogen 60-00 
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It will be noticed that the compositicm of the Matunga 
gas closely corresponds to the analyses made by Dr. Rideal 
of the gas from the Exeter Works. An important differ- 
ence is, however, apparent in the percentage of the Carbonic 
Acid Gas, which is much larger at Matunga than at Exeter. 
'J'his is no doubt due to the difference in the temperature 
of the sewage amd probably the pressure at which the 
gas is drawn off. Carbonic acid gas is very soluble in 
mjwage, the amount which the sewage can contain being 
dependent upon the temperature of the sewage and upon 
the pressure of the gas over the surface of the sewage. 

The above results are borne out by several analyses 
of the gas made by Captain Glon Liston, I.M.S., the 
i)ercentagcs of onr of which an* as follow: — 

GO2 16-0 

CH4 23- !♦ 

H 11-99 

N 48-00 

Captain Glen Liston makas the following interesting 
remarks on the gas after several analyses: — 

" COj variable from 5%, when* engine was going fairly 
•• well, to 11% when just going and to 16% when not going 
'* at all. No oxygen, or an almost inappreciable quantity, 
*• was ever found in the gas. No CO (Carbon Monoxide) 
*• was ever found. The amount of Hydrogen varied from 
'• 12 to 20 per cent. The amount of CH4 varied from 24 
'• to 32 per cent. The amount of N varied from 48 to 60 
•' per cent." 

It was found that when the percentage of CO2 present 
ill the gas was high, the engine would not go, and that th(» 
engine went best when the CO2 was low, hence the 
necessity for getting rid of the CO2. The method at first 
adapted was defective, because the lime was not slaked 
properly. The presence of carbon dioxide is very harmful. 
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l)oth in the working of the engine, lighting, or the burning 
of the gas. It must be got rid of. Tne constituents of 
the gas which are useful for combustion or lighting are 
hydrogen and marsh gas. The amount of these two gases 
present was variable. The best results are obtained when 
the highest percentage of hydrogen is present. Hydrogen, 
when it is burnt, produces only water vapour, while marsh 
gas produces carbon dioxide and water vapour. The 
former constituent has a damping effect on further combus- 
tion. 

The larger part of tho gas consists of nitrogen. ~ Tins 
is a diluting constituent. It was present in variable quan- 
tities, no doubt depending on the various factors mentioned 
above. The gas is often so diluted with nitrogen that it 
will not explode when mixed with ordinary air under 
atmospheric pressure. When this is the case, an increase 
in the pressure at which the gases are exploded will cause 
combustion. This is important when a gas engine has to 
be worked. The gas must be well compressed before explo- 
sion. In analysing the gas, oxygen has often to be added 
to effect an expiosion. The quantity of nitrogen present 
in the gas probably depends on the pressure at which the 
gas is drawn off. The lower the pressure in the tank 
chamber below atmospheric pressure, the greater will bo 
the quantity of nitrogen in the tank gas. 

The tank gas at Matunga is utilized in three ways — 
(a) to actuate a gas-engine> (6) to light the compound and 
buildings, and (c) for cooking. 

In 1902, an Otto Gas engine, of J H.P. Nominal, 
capable of developing 3 Indicated H.P. with a consumption 
of 22 eft. of coal gas per H.P. per hour, was erected. 
This engine, works a 3-inch centrifugal pximp of the ordi- 
nary type, fixed in a brick chamber six feet in depth. The 
pump lifts the effluents from the liquefying tank to a tank 
fixed some ten feet above the ground. From this tank tho 
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errluent flows by gravitation to the contact beds and filters 
described in the previous Chapter. 

Further experiments are necessary to determine the 
best type of engine to work with tank gas, and it is 
probable that an engine built to work with Mond, a 
'Troducer Gas," would be the most suitable. At Matunga 
the gas engine for many months in the beginning gave 
uncertain results, and had to be considerably altered before 
it could bo g-)t to work satisfactorily. A regulating valve 
had to be placed on the air admission pipe to reduce the 
quantity of air in the mixture, and at the same time more 
gas had to be admitted than would be the case with coal 
gas. The engine still suffers from contracted gas passages, 
and the result is that it will not give olt the rated horse- 
power on the brake. A shorter ignition tube had to be 
put in to secure an eai'lier ignition, as it was found that 
frequ^nit misfires occurred with the standard tubes origi- 
nally attached to the engine. 

The engine still occasionally misses one stroke in four, 
otherwise it gives great satisfaction and works without 
difficulty. It is possible that some of these difficulties 
would bo overcome and a considerable saving in gas effected 
by using magnetic ignition, with an arrangement foj 
advancing or retarding the spark. 

The up-keep of the engine is exceedingly light, lubri- 
cation being the principal item of cost. Approximately this 
size of engine will use about 130 eft. of gas per hour of 
work. The experience at Matunga has been that to get 
the best results from the engine, the CO, must be almost 
entirely eliminated. 

Pra-otical]y, the whole of the lighting of the Acworth 
Leper Asylum at Matunga is now done with the tank gas 
derived from the liquefying tanks. Pipes varying in size 
from 2J to J inch at the lamp posts have been laid from 
the gas-holders all over the Asylum grounds. 
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The burner for tank gas is a modification of the 
one usually used for ordinary coal gas with an incandescent 
iilantle. Tlic alteration chiefly aflfected the size of the 
opening which admits air to mix with the coal gas. As 
tank gas requires considerably less oxygen for its complete* 
combustion than coal gas, the air opening in the burner 
had to be much smaller. A collar to regulate the size of 
tne openin<i <j;ives the most satisfactory results. 

When the pressure is greater, more gas will be used 
and the nmntle will become hotter, giving out more light,; 
in other words, it will give a higher candle-power. When 
the pressure is h)\v, less gas will be burnt, less heat evolved, 
the niautle will be less brilliant, and the candle-power 
will be less. Any kind of incandescent mantle which is 
satisfactory with coal gas can be used with this gas. The 
amount w^hich each gas lamp will burn varies according to 
the candle-power desired. « 

The kitchens at Matunga are now fitted with gas rings 
and much of the cooking is done with tank gas. There 
are eight stoves so fitted and the food for the patients is 
cooked daily at these. ITie consumption of gas is heavj*, 
but as its production costs nothing, that is of little moment. 
About 300 cubic feet of gas are used both morning and 
evening and the saving in wood fuel to the Asylum is large. 

At another installation which is under construction 
iu connection with the sewerage of Bombay, it is proposed 
to utilize the gas for burning the screenings in a small dis- 
trict. 

Having dealt with the experiments at Matunga with 
tank gas, it will be well to consider the conditions which 
influence the quantity and quality of the gas. 

At Matunga, the population is 430 persons. For the 
last twelve months, careful observations have been taken 
of the amount of gas obtained, the temperature of the air, 
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mid the temperatui-e of the sewage. The amount of sew- 
age passing through the liquefying tank is at present equal 
ro 30 gallons per head per day. The c(Hiditions affecting 
the quantity and quality of the gas may be summarized 
under the following four heads: — 

I. — Quality of sewage. 
11. — Pressui'e at wliich gas is drawn off. 
III. — Bearing which temi>erature has on evolution of 

gas. 
1V._ Velocity of sewage and disturBance of sediment. 

I.— Qnaii^ of Sewage.— The amount of gas 
produced will depend greatly on the quantity "of nitrogen- 
ous and non-nitrogenous elements present in the sewage and 
undergoing disintegration. 

Major Ernest" Roberts, I.M.S., in his paper published 
in *' Scientific Memoirs by Medical Officers of the Army of 
India," Part XII, 1901, states that with the natives of India 
the unabsorbed proteid from vegetable foods amounts in 
the excrement from 10 to 20% of the total ingested, and that 
from 30 to 50% of the cellulose leaves the body in its in- 
tegrity. 

Professor Sims Woodhead, M.D., stated in his evidence 
l)ef(n*e the Royal Commission on Sewage Disposal that, in 
tJie ordinary domestic sewage, the nitrogenous constituent 
of the sewage is always relatively small, the greater bulk 
being non-nitrogenous cellulose or the like, and that the 
cellulose is converted into carbonic acid and marsh gas. 
It would appear from this, with other things being equal, 
Uiat the gas obtained from the sewage in the East should 
be equal in amount to that obtained from the sewage in 
the West. 

Professor Sims Woodhead is probably correct when he 
says that thb non^nitrog^ious elements in the sewage, es- 
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pecially vegetable matter, are best for the formation of tank 
gas. As the large mass of the natives of India are vege- 
tarians, the sewage of the East is likely to be a better pro- 
ducer of gas than that of the West. 

Any addition of what is known as ** trade refuse " will 
usually rather retard the formation of gas than otherwise. 
At the present time, practically nothing is known as to 
what bacteria are necessary for the production of gas, 
affecting at the same time a satisfactory purification of 
sewage. But it is an established fact that it is possible to 
cultivate suitable bacteria in a liquefying tank by de- 
positing in it some of the sediment taken from a tank 
which is in full working order. This has been done often 
in Bombay and many new tanks have been successfully 
supplied with the required bacteria cultivated from the 
sediment of the Matunga Liquefying Tank. 

The dilution of the sewage has a very important bear- 
ing on the quantity and quality of the gas formed. As an 
instance of this, the Author can cite an interesting experi- 
ence obtained at the Empress Mill in Bombay. Here a 
large installation of latrines used by some 6,000 mill hands 
has been connected to a covered liquefying tank, to which 
is attached a gas installation similar to that at Matunga. 
The gas obtained is used for a gas engine and for lighting 
the Mill compound. 

From the first, the liquefying tank was cultivated with 
bacteria from Matunga, and in a short time gas commenced 
to be evolved. The amount of water used at these la^trines 
was in the beginning equal to only one gallon per head per 
day. This quantity in the course of three months proved 
to be inadequate for complete purification in the tank, and 
although large quantities of good gas were given off, the 
tank became almost choked, while the effluent was only par- 
tially purified and had a very offensive smell. 
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The amount of water weis increased to three gallons per 
head and the immediate result was a better effluent and 
also an increase in the evolution of gas, which was of 
excellent quality for purposes of combustion. A further 
increase of water to five gallons per head resulted in a 
further improvement. At five gallons per head, the 
quality of the gas W6W still excellent, and after purification 
gave very good results in the engine and for lighting. 

The above is interesting as shewing that even with 
exceedingly strong sewage and very liEle dilution, good 
gas can be obtained, though not in such quantities as is 
possible with sewage diluted under ordinary circumstances. 

II.— Pressure at which Oas is drawn, off.— 

The pressure at which tank gas is drawn off has an impor- 
tant influence not only on the quantity of the gas but also 
on its quality, as well as on the purification of the sewage. 

The Author has found that if, in a covered liquefy- 
ing tank, there are no arrangements to allow the gas to 
pass or to be drawn off as it is formed, the carbonic acid 
gas is absorbed by the sewage and purification is not so 
rapid or complete. 

An ordinary glass gauge half filled with water has 
been fixed on the cover of No. 1 Compartment of the liquefy- 
ing tank at Matunga, for the determination of the pressure 
of the gas in the cover and of the vacuum necessary tor 
drawing it off into the gas-holder. Observations have shewn 
that although the gas has been allowed to remain in the 
cover without being drawn off for a day or two, no pressure 
has ever been indicated in the gauge. On the other hand, 
as before mentioned, this has been extremely detrimental to 
the purification of the sewage. It has also been noticed 
that if gas is allowed to remain in the cover, it gives off 
some of its carbonic acid gas, which is absorbed by the 
sewage. When the largest gas-holder is drawing gas at 
Matunga, the gauge shews the vacuum to be equal to 

14 
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about half an inch of water. Further careful experiments 
are necessary to determine the pressure at which the greatest 
amount of gas can be obtained, consistent with good 
quality. 

It is always necessary to employ some power to remove 
the gas from the cover of the tank. This may be done 
either by suction as before mentioned or by means of a 
fan or vacuum pump. It has been found that if gas is 
drawn off too rapidly or in too great a quantity, the quality 
of the gas for purposes of combustion is very inferior, and 
great diflBculty is experienced in using it successfully. 

III.— Bearing which Temperature has on 
Evolution of Oas. — Charts have Been prepared from 
time to time shewing (a) the temperature of air, (h) the 
temperature of the sewage, and (c) the quantity of gas 
removed from the tank at Matunga. It must be remem- 
bered, while considering the amounts of gas recorded below, 
that only two compartments of the tank out of four have 
been covered, and it is probable that these amounts would 
be increased by at least 20 % if the whole of the tank were 
covered and the full quantity of gas that could be given 
off by the sewage collected: — 

The charts shew that temperature has a large bearing 
on the amount of gas produced. The lowest mean temper- 
ature of the sewage registered in 1906 was on the l2th 
January, 1906. It was then 71 • 5° Fahrenheit. The lowest 
mean temperature of the air on that day was 67-8" Fahren- 
heit, and the amount of gas obtained from the two compart- 
ments for 24 hours on that day was 1,060 c. ft. On the 
30th of the same month the mean temperature of the 
sewage was 73° and that of the air 78-8.° The amount of 
gas obtained on that day was 1,350 eft. On the 16th Feb- 
ruary, 1906, the mean temperature of the sewage was 75'' 
and that of the air 80^ and the amount of gas obtained was 
1,660 eft. The above shews that, with a rising tempera- 
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tnre, the volume of gas is proportionately increased. It 
may be mentioned that in all cases the pressure at wfiicK 
the gas was drawn off was uniform. In May — ^the hottest 
month of the year in Bombay — the mean temperature of 
the sewage is about 89°. As all the three gas-holders were 
not in work in May, 1&06, it is not possible to say exactly 
what amount of gas would be evolved at the temperature 
of 89°, but it would probably be far in excess of that 
obtained with the above temperature. In the opinion of 
the Author, it would be quite safe to calculate upon an 
average volume of 3 to 4 eft. of gas per head of population 
per day throughout the whole of the twelve months. 

IV.— Velocity of Sewage and Disturbance of 
Sediment. — The velocity at which the sewage passes 
through the liquefying tank has also an important bearing 
on the quantity and quality of the gas; for it stands to 
reason that when the sewage passes rapidly through the 
tank, purification is incomplete and the quantity of gas 
evolved is therefore less. In the opinion of the Author, 
the maximum velocity of the sewage in order to attain the 
best results as regards both the purification of sewage and 
the evolution of gas, should not exceed one foot in three 
seconds. 

An interesting experiment was tried in both the 
covered compartments at Matunga with an " agitator " 
for stirring the surface of the sediment. The agitator 
consisted of a flat bar of iron attached to chains, one 
end of which passed out through the end walls of the tank. 
It was found by dragging the agitator over the surface 
of the sediment that a much larger quantity of gas was 
evolved than under ordinary circumstances; but it was of 
such impure quality that it could not be used for working 
the engine and was also of very little use for lighting. 
It evidently contained not only a large excess of COj , but 
it was also deficient in marsh gas and hydrogen. 

A few concluding remarks will not be out of place here 
as to the general use of tank gas. In the first place, there 
need be no anxiety or doubt as to the possibility of obtaining 
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gas from a scientifically designed liquefying tank as at 
Matunga, where the use of tank gas has now been brought 
to such a state of perfection that from day to day the 
gas is removed from the liquefying tank, purified, passed 
into a gas-holder, and used for the purposes enumerated 
earlier in this Chapter with as great a certainty as the 
drawing of water from a tap. 

The thanks of the Author are due to Captain Glen 
Listen, I.M.S,, for a valuable description of the "Method 
of Analysing Tank Gas," which forms an Addendum to this 
Chapter and will be read with interest. It would be out of 
place here to enter into any detailed discussion as to the 
methods employed in gas analysis, but a few remarks 
on a fairly accurate and practical method for ansJys- 
ing tank gas will probably serve a useful purpose. Very 
little is yet known of the conditions which influence the 
production of gas in sewage, £«id still less is known of the 
qualities and composition of the gas evolved in the com- 
plicated putrefactive changes which take place in a liquefy- 
ing tank; and therefore any progress in this direction can 
only be attained after a large number of analytical observ- 
ations have been made under varying conditions. 

A simple and practical method, capable of being 
carried out with a fair degree of accuracy by a Medical 
Practitioner or a Sanitary Engineer, will help greatly in 
the solution of this difficult problem. 

A proper use of the apparently wast^ gas from sewage, 
as will be seen in the earlier part of this Chapter, leads 
not only to the saving of a considerable sum of money in 
lighting and heating, but enables an Engineer to get over 
such practical difficulties in the disposal of sewage as 
those connected with finding a suitable fall. The possible 
use of the properly purified gas in the destruction of solid 
waste material, rubtish of all kinds, and sweepings must 
be kept in mind. 
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METHOD OF ANALYSING TANK GAS. 
Br Captain Glen Liston, LM.S. 

Thb description of a method for maEing an analysis 
of tank gases can most conveniently be divided into the 
following heads: — 

I. — ^Collection of gases. 

II. — Measurement of gases. 

III. — Estimation of Carbon Dioxide. 

IV. — Estimation of Hydrogen, Methane, and Nitro- 
gen. 

I — CoLLBcnoN OF Qasbs.— This is most conveniently 
done in specially made gas sampling tubes or flasks. 
These are cylindrical glass vessels drawn to a point 
at both ends and fitted at each end with a glass 
stop cock. Where the supply of gas is abundant and is 
given off under a certain pressure, the sampling gas flask 
is easily filled by attaching one end of the flask by means 
of a rubber tube to a suitable tap or stop cock on the gas 
supply pipev The flask having been adjusted by means of 
the rubber tubing, all the cocks are opened and the gas is 
allowed to pass rapidly through the flask for a few minutes 
till all the air has been completely expelled. The taps are 
then closed and the flask detached from the gas supply pipe. 
Where the gas is not given off under pressure, another 
method has to be adopted. Such a condition exists when 
a sample of gas has to be taken from the tank before it 
enters a gas-holder. For this purpose the gas sampling 
flask should be comt)letely filled with water. A tap should 
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be fixed to the bottom of the outlet pipe from the liquefymg 
tank as shewn in Fig. 36. The rubber tube attached to thf» 




Pig. 35. 
sampling flask, which is filled with water should now be 
adjusted to the tap on the outlet pipe. The tap on tEe out- 
let pipe is then opened. The cock on the distal end of the 
sampling flask should next be opened, the water will then 
flow out of the sampling flask and be replaced by gas from 
the liquefying tank. Having thus collected the gases, they 
have next to be measured. 

II. — Measubement of Gases. — The apparatus in which 
the measurements are made is called a gas-burette 
and consists of a graduated tube A and a pressure 
tube B. The tube has at the top an ordinary glass stop 
cock and near the bottom a three-way tap, which allows 
of communication being established with the pressure tube 
or with the air, according to the position in which the 
tap is turned. The space between the two taps has a 
capacity of 100 cc. and is graduated into cubic centimetres 
and fractions thereof. The graduations are numbered so 
as to be read either up or down the burette by means of 
a double row of figures. The whole burette is mounted 
on a suitable firm stand. The base of the burette is con- 
nected by means of a rubber tube with the base of the 
pressure tube. The length of the rubber tube should be 
such that the base of the pressure tube can be raised to 
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the top of the burette without dragging on the tube. It 
is convenient to have a piece of glass tubing inserted at 
the mid point of the rubber tubing to act as a window and 
to serve as a means for readily detaching the pressure tube 
from the burette without removing the rubber tubing from 
either the pressure tube or burette. The gas in the measur- 
ing tube is confined over water, and since most gases are 
readily soluble in water, the water used in the pressure 
tube should have been previously saturated with the gases 
to be tested. This is readily done, either by passing some of 
the gases through some water contained in a bottle, €.g.y 
when the gases are given off from the gasometer, or when 
this cannot be done, when testing the gases directly 
from the tank, the following procedure sEould be adopted. 
A stoppered bottld of about 300 cc. capacity is filled with 
water and inserted in a water trough; about 100 cc. of 
the gaseous mixture to be tested is bubbled up into the 
bottle, which is then closed with the stopper and the gas 
thoroughly shaken up with the remaining water for a 
few minutes. 

To pass the gases into the burette is the next proce- 
dure. To do this a piece of capillary glass tube is bent 
twice at right angles as in Fig. 36 (overleaf), and 
is attached to the burette as shewn by means of 
a rubber tubing, which should be wired to the 
glass at both joints. The pressure tube, which 
has previously been filled with water saturated 
with the gas to be tested, is now raised and 
the water alloAved to fill the burette and drop 
from the end of the bent capillary tube. The gas sampling 
flask is next taken in hand, and both open ends are filled 
with water ; one end is inserted into a rubber tube at 
the end of the bent capillary tube and the other end is 
placed in a conveniently situated flask of water. The stop 
cocks of the sampling flask are now opened: both cocks 
on the burette are also opened : the pressure tube is gently 
lowered. The gas to be tested will now pass into the 
burette and be replaced by water in the sampling flask. 
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FlQ. 36. 
When the gas has completely filled the burette to a point 
a little below the bottom of the stop cock, the cocks of the 
sampling flask and the stop cock of the burette are closed. 
The pressure tube can now be placed on the table beside 
the burette while the collecting flask is detached. Next, 
after the collecting flask has been removed, the pressure 
tube is again lowered till the level of the water in it is 
the same as that in the burette. The cock at the top of 
the burette is now opened gently and the pressure tube 
raised very gently till the water in it is exactly level with 
the 100 cc. mark at the bottom of the burette: the stop- 
cock at the top of the burette is now closed, and the burette 
is filled with 100 ca of the gas to be tested. 

ni. — Estimation of Cabbon DioziDB.r-Tbis is accom- 
plished in a special gas pipette illustrated in Fig. 37. 
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It consists of two bulbs connected together by btot glass 
tubing, the smaller or upper bulb (a) opens above By a 
rather large bore glass tube, through which tube the 
reagent for absorbing the gas is passed into the bulbs. 
Below, the smaller bulb is connected to the larger bulb 
by a V-shaped piece of tubing. The capacity of the 
larger bulb should be at least 160 cc. It is open above 
through a doubly bent capillary tube. Behind this capil- 
lary tube a piece of white paper is placed and a mark made 
upon the paper about the position represented in the 
diagram. The pipette has now to be filled with the absorb- 
ing reagent, which, for estimation of carbon dioxide, is 
a solution of caustic potjush. The reagent is made by 
dissolving 150 grms. of commercial caustic potash in 500 
cc. of water. The reagent is poured into the bulb through 
the wide tube at the upper end of the smaller bulb. Such 
a volume of the solution is filled into the pipette that, when 
it is sucked up into the capillary tube nearly to the top, 
there shall be just a small quantity of liquid in the smaller 
bulb. 

The burette is now attached to the absorption pipette 
as in Fig. 37, care having been taken to draw the caustic 

potash solution 
up to the mark 
on the capil- 
lary tube of the 
bulb. The solu- 
tion can be 
kept in this 
position by 
suitably ad- 
justing the 
pinch cock on 
the rubber tube 
connecting the 

pipette witli the 
Pig. 37. 
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burette. After the connections have been made and securely 
fastened — ^by wire, if necessary — ^the pinch cock is opened by 
passing it on to the glass tube: the stop cock at the top 
of the burette is next opened and* the pressure tube raised. 
In handling any of the apparatus care has to be taken to 
grasp the various parts only by the wooden fittings, which 
is necessary in order to maintain a uniform temperature 
throughout the different parts of the apparatus during the 
testing. The gas in the burette will be driven into the 
pipette and the burette will become filled with water. This 
process of transferring the gas to the pipette is to continue 
till all gas has been driven from the burette and until 
some of the water — a drop or two — from the pressure tube 
has passed into the larger bulb of the pipette. The tap 
at the top of the burette is then closed. The pipette is 
then gently shaken and the gas' allowed to remain in con- 
tact with the caustic potash for a few minutes (three to five). 
After this time the pressure tube is lowered and the tap 
at the top of the burette again opened. The gas will then 
pass back again into the burette and the caustic potash 
solution will again fill the large bulb of the pipette. When 
this bulb is nearly full, the gas must be allowed to pass 
very slowly into the burette by adjusting the level of the 
pressure tube. As soon as th^ potash solution reaches the 
mark on the capillary tube, the tap at the top of the burette 
is closed. On no account must the potash be allowed to 
reach the rubber connection into the burette. The pres- 
sure tube is then held in such a position that the level of 
the water in it shall be the same as the level of tha water 
in the burette. The volume of the gas in the burette is 
then read off and the same operation of passing the gas into 
the pipette — allowing a few minutes for absorption of the 
carbon dioxide gas and returning the gas to the burette, 
adjusting the level of the water in the burette and pressure 
tube, and again reading off the volume of the gas in the 
burette — is repeated. If both readings are the same, the 
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operation is complete and the amount of carbon dioxide pre- 
sent in the original gas can be ascertained thus:— Original 
volume of the gas 100 cc; volume after absorption by 
Potash, 84 cc; Carbon Dioxide, 16 cc. = 16^% Carbon 
Dioxide. 

IV.— Estimation of Hydbogbn, Methane, and Nrrao- 
QBN. — ^This is carried out in a specially constructed explo- 
sion pipette, which differs from the ordinary absorption 
pipette only in having two platinum wires fixed into the 
upper part of the largest bulb and in being furnished with 
a stop cock on the U-shapecl tube joining the two bulbs. 
The bulbs are filled with mercury in place of caustic potash 
solution, and the burette containing the gas after absorp- 
tion of carbon dioxide is detached from the caustic potash 
pipette. Some oxygen is prepared by heating some chlo- 
rate of potash with some manganese dioxide in a suitable 
flask to which has been attached a gas collecting tube. 
The oxygen is allowed to pass through the tube till such 
time as the glowing spark of a wooden match is kindled 
into flame when held in front of the point of exit of the 
gas. The gas so prepared can be kept in stock and must 
be allowed to cool Before being used. The collecting flask 
is now attached to the burette and some of the oxygen 
passed into the burette as described under the heading 
"Measurement of Gases." Sufficient oxygen should be 
added to completely combine with the hydrogen and marsH 
gas present in the mixed gases. The sampling flask 
containing the oxygen is then detached and the burette 
is adjusted to the explosion pipette. The mercury in the 
explosion pipette is first driven into the large bulb by 
adjusting a piece of rubber tubing to the glass tube opening 
into the smaller bulb, opening the stop cock between the 
two bulbs, and blowing the mercury into the larger bulb 
till it is filled and the mercury stands at a suitable mark 
on the capillary tube of the larger bulb. When this point 
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has been reached the tap between the two bulbs is closed 
and the burette is then attached as usual to the explosion 
pipette. Special care has now to be taken to use stout 
tubing to connect the pipette with the burette and all 
rubber connections must be firmly wired. When this is 
done the stop cock between the two bulbs is opened as well 
as the stop cock at the top of the burette. The pressure 
tube is raised and suction is applied to the pipe connected 
with the smaller bulb till all the gas has passed over into 
the larger bulb and with it one or two drops of water from 
the pressure tube. The tap between the two bulbs is then 
closed. The wires from a Eumkorf coil are adjusted to 
the platinum terminals in the larger bulb and a spark 
allowed to pass. The gas is now retransferred to the 
burette by opening the tap between the two bulbs and 
lowering the pressure tube till the mercury again stands 
at the mark on the capillary tube. The cock at the top 
of the burette is then closed and the burette is detached from 
the pipette. When the gas has been allowed sufficient time 
to cool, the level of the water in the pressure tube is ad- 
justed to the level of the water in the burette and the 
volume of the gas now measured and noted. The burette 
is next attached to the caustic potash pipette and the 
amount of carbon dioxide absorbed is noted as described 
under the heading " Estimation of Carbon Dioxide." From 
these data the amount of methane, hydrogen, and nitrogen 
can be ascertained. 

From the equation CH4 +20i =COi +2H, 0, it follow? 
that when marsh gas is burnt its own volume of COj is 
produced ; again, since Hj practically ceases to occupy 
space, because the volume of condensed water is inappre- 
ciable, three volumes of the mixed gases CH4 and O2 



Digitized by 



Google 



Addeniium.] tank gas. 221 

shrink to one volume, t.e.y one volume of COj ; the con- 
traction, therefore, is two-thirds of the total/ volume of the 
reacting gases, or in other words equal to twice the volume 
of 002 produced, or twice the volume of marsh gas burnt ; 
and again, from the equation 2Hi +02 = 2H2 0, and 
for the reason that H, ceases to occupy space, the 
volume of H burnt can be ascertained by measuring the 
contraction produced and multiplying this by §. If, 
therefore, the volume of COs produced after explo- 
sion is measured and twice this volume be deducted from 
the contraction on explosion, the remainder will represent 
the contraction due to the combustion of hydrogen. Then 
if A = contraction on explosion and B= volume of COj pro- 
duced, A — 2B= contraction due to hydrogen, and § (A — 2B) 
= volume of hydrogen and B = volume of marsh gas. 

To continue the analysis of the sample of gas already 
tested for CO2, fts described under heading " Estimation of 
Carbon Dioxide,'' the burette, having been detached from 
the caustic potash pipette, now contains 84 cc. of the mixed 
gases, viz.y hydrogen, marsh gas, and nitrogen. A portion 
of this gas is driven out of the pipette so as to allow suffi- 
cient oxygen to be added to completely combine with all 
the hydrogen and marsh gas present in the mixture. Oxy- 
gen is added in preference to air, because the amount of 
nitrogen in the mixed gases is so great that a further 
dilution of the gas with more nitrogen from the air often 
prevents explosion. 

Suppose then that 50 cc. of the mixed gases remained 
in the burette and that 50 cc. of oxygen had been added 
to this mixture as detailed above, and that the burette has 
been attached and finally secured to the explosion pipette, 
and that a spark has been passed and the explosion com- 
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pleted, and that the gases have been returned to the burette 
and allowed to cool, and the volume after explosion has 
been measured and found to be 60 • 73 cc, then the burette 
is detached from the explosion pipette and attached to the 
caustic potash pipette. The amount of OOj present in this 
residual gas is measured as described under heading 
*' Estimation of Carbon Dioxide " and found to be 46*45. 

From ihese data it is possible to give the composition 
of the gas as follows: — 

The original volume of gas taken =100 cc. After 
absorption in caustic potash pipette, Vol. =84 cc, the re- 
mainder 16 cc.=COs present in 100 cc. Inen of the remain- 
ing 84 cc, 60 cc. arc retained in the pipette and 60 cc. of 
Oxygen are added. 

After explosion, Vol. = 60*78 

. ". contraction, A = 39*27 

After absorption in K H, Vol. = 46-45 

.-. B, Vol. of CO2 produced = 14-28 

Hence Vol. of Hydrogen in 50 oc. gas= § (A — 2B) 

= 1(39-27-28-56) 
= 7-14 
And Vol. of CH4 in 50 oc. gas =14-28 
And Vol. of N in 50 cc. = 50 —(7- 14+ 14-28) = 28-58 

Calculating the percentages of these gases since the 
original volume of the gas was 100, and 84 after absorp- 
tion of COj and 60 cc Volume of the residual gas tested, 
then — 



7-14x84 
50 



11-99% of H 



ii:^ = 23-9 % of CH. 



Digitized by 



Google 



Addendum.] tank gas. 223 

A very excellent and accurate portable gas analysis 
apparatus has been recently described by Dr. J. S. Haldane 
in the Journal of Hygiene^ Vol. VI, No. 1, and is shewn in 
Fig. 38. The method of working this apparatus has been 



Fia. 38. 
described by him in the Investigation of Mine Air^ edited 
by Le Neve Foster and Haldane, 1904. The apparatus 
can be obtained from Messrs. F. P. Rettershaus & Co., 
53 A., Huntly Street, Tottenham Court Road, London, W.C. 
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SURFACE WATER AND SUB-SOIL DRAINAGE. 

Assuming that a separate system of drainage has been 
decided on, the question of disposing of the surface and 
sub-soil water of each district then calls for consideration. 

The amount of rain which falls in a district is, in 
most centres, oflScially observed and recorded, and there are 
few places now where that information cannot readily be 
obtained for a series of years sufficient to enable a just 
average to be determined. 

In a Separate System of Drainage, the capacity of the 
sewers must provide for that amount of rain which falls 
on such roofs and on such open paved surfaces enclosed 
by houses as cannot drain to the surface-water drain in the 
street without a special connection. The reason for this is 
that it is very undesirable to have both a sewage and a 
surface-water drain within house premises, as there would 
then be the risk of unsanctioned sullage connections being 
made to the surface-water drains, which would generally 
be more convenient from the householder's point of view. 

Wide fluctuations of rainfall occur at different places, 
even in one district, and, as a rule, the rainfall increases 
with the elevation. A Meteorological Observatory, such 
as exists in Bombay, is of the greatest assistance to the 
Engineer, as valuable data extending over many years can 
generally be obtained therefrom. 

In designing a scheme of surface-water drainage, the 
rainfall, the configuration of the land, and the area paved 
and built upon are the chief considerations. 
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In the case of towns on the sea-coast, the waters from 
high-lands should be separated from those of the low-lands : 
" high-lands " include lands at or above the level of -the 
high-water mark of ordinary spring tides, and " low- 
lands " those below that level. 

The waters from high-lands should be taken by drains 
discharging directly into the sea by the nearest route, th« 
outlets being protected by means of tidal flaps. Those 
from low-lands will have to be stored during the time of 
high water and discharged into the sea through sluices at 
the ebb tide. 

In the case of high-level drains discharging continu- 
ously and directly into the sea or a river without provision 
for storage, the maximum hourly rainfall is the chief factor 
in determining the size of such drains. Tables should be 
prepared from meteorological data to ascertain how many 
times a year the hourly rainfall exceeds certain quantities, 
and from such tables the maximum hourly rainfall to be 
provided for can be easily ascertained. 

As an example, the following table shewing the 
number of times the hourly rainfall exceeded the given 







1 






s i 


1. 

S u 


si 




Year. 


ri 




*^5 


i.^ 


u^ 


:?i 


us 


sr^ 






35 


1^ 


1^ 


r 




n 

< 


|l 


1886 . . . . 


497 


31 


17 


8 


5 


4 


2 


1 


1887 . . . 


654 


46 


14 


4 


2 


7 


1 





1888. . . . 


479 


39 


9 


4 





1 





1 


1889 . . . 


6Ci 


.7 


12 


4 


1 











1890 . . . . 


620 


46 


10 





3 











1891 . . . 


469 


49 


8 


7 


6 


2 








1892 .... 


1)22 


71 


•iO 


11 


4 


1 








1893 . . . 


476 


45 


7 


4 


1 








u 


1894 . . . . 


597 


46 


6 





2 











1895 . . . 


534 


56 


7 


4 


9 











Averages 


5510 


46-7 


11-0 


4-6 


3-3 


1-5 


0-3 


0-2 



15 



Digitized by 



Google 



S26 dbainaqb pboblbus of thb bast. [Chap. Vll. 

amounts in ten years (1886 — 1896) in BomBay will be found 
interesting. It will be seen that there were on an average 
only 6 -3 hours in a year when the hourly rainfall exceeded 
1 inch. Therefore, in Bombay, all high-level drains may 
be designed to carry 1 inch of rainfall per hour. 

In the case of low-lands, the method for determining 
the size of the drain, etc., is different. It should be ascer- 
tained how many hours per tide, on an average, storage 
will be required, and the amount of the maximum rainfall 
for that number of hours consecutively should be obtained 
from the meteorological data, and storage, drains, etc., 
calculated for and provided accordingly. 

Consideration must also be given to the amount of the 
rainfall that will flow off the surface of the ground. In 
fully built-upon areas, such as will be found in the centres 
of towns, it will be necessary to allow for all the rainfall 
to flow off, for the percentage that will soak into the ground 
is not an appreciable amount and need not be considered. 

In suburban districts with gardens, etc., 66 to 76 per 
cent, of the rainfall must be provided for in a surface- 
water scheme, but in rural and sparsely populated districts 
only 10 to 20 per cent, need be taken into consideration. 
No definite rule can be laid down for the amount that 
will flow off in rural districts, the nature of the soil natu- 
rally having much to do with that amount. 

One inch of rainfall in depth over one acre per hour is 
equal to 3,630 cubic feet, or 22,687 gallons, per hour, or 
just one cubic foot per second. Consequently, drains de- 
signed for an hourly rainfall of one inch should be capable 
of discharging as many cubic feet per second as there are 
acres to drain. 

In India, where the rainfall is usually confined to a 
specific season of the year, heavy daily falls are not un- 
common, but they are usually not of long duration, and 
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such flooding, as will temporarily occur, soon disappears 
and is more or less immaterial. In districts where the 
rainfall is small, the storm-water is generally loaded with 
impurities, particularly at the time of the first flood, 
analyses showing the liquid to be almost as impure as 
sewage; subsequent flows may, however, be comparatively 
pure. 

The considerations which govern the directions of 
sewers in a sewerage scheme, will be even more applicable 
to the drains in a surface-water scheme, that is to say, 
they should always, if possible, follow the natural drainage 
of the district, and in this way nature provides the outfalls 
at which the surface water will discharge. The number 
of outfalls is not restricted as in a sewerage scheme and 
this tends considerably to economy. 

Tlie calculation for the size of surface-water drains 
is not difficult, the Engineer having decided on the amount 
of the maximum rainfall per hour and on the percentage 
of rainfall which will flow off the district to be drained. 
All the water from such of the roofs of the buildings as 
are not drained into the sewers, is led by eave gutters 
€ind cast-iron pipes into a house gully or discharged on 
to the roadside water tables or into tne roadside drains, 
the water thence flowing to the nearest water-gully con- 
nected with an underground drain. The system of surface- 
water drains will naturally commence with open roadside 
drains or water tables, the former being constructed of sizes 
determined by the area and the rainfall to be disposed of. 

Fig. 39 (see page 228) shews a roadside drain, 12 inches 
X 18 inches deep. The wall on the roadside is built of rubble 
masonry in lime mortar, 15 inches in thickness, while 
the inner wall is constructed of 4} inch brickwork, resting 
against a compound wall or plinth of a house. The 
foundation is formed of lime concrete, and the invert of 
a 4-inch or a 6-inch channel pipe. The haunches are 
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filled up with cement concrete and the whole of the interior 
rendered with cement plastering. The roadside wall is 
built within six inches of the ground surface and is finished 
off with stone khankis or kerbing, 12 inches in width, 16 
inches in tail, and 6 inches in thickness. 



Fio. 39. 
The next transition is to underground pipe drains of 
stoneware or cast-iron, from 6 inches to 18 inches in 
diameter, the next being to underground masonry drains, 
covered with stone slabs, 6 inches in thickness, as shewn m 
Fig. 40, which gives a section of a drain 2 feet by 2 feet in 



Fio. 40. 
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area. The foundation is laid in lime or cement concrete, 9 
inches in depth, the former being used in dry, and the latter 
in wet ground. The walls are built of rubble masonry in 
lime mortar, 15 inches in thickness, and the half-round 
invert formed of cement concrete, the whole of the inside 
being rendered with cement and sand (1 to 1) J inch thick. 

The sizes of the drains will increase in accordance 
with the quantity of the water to be discharged and various 
sizes of such drains are shewn in Plate 66. 

To ensure eflScient drainage, all roads and streets 
should be constructed with a camber of not less than 1 
in 40, as shewn in Fig. 41, and the sides finished with 
a line of slab stones, 16 inches by 12 inches by 4 inches 
thick, set in lime concrete, and generally known as water 
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Fig. 41. 

tables, on which the surface water will naturally flow. 
These water tables should grade each way at a slope of 
not less than 1 in 200 to a sealed chamber or water-gully 
connected with the underground surface-water drain in 
the road. 



Fig. 42 shews a 
very satisfactory type 
of surface-water gully. 
It will be noticed that 
the trap or seal of the 
water gully is 9 inches ; 
the bed of the cham- 
ber is constructed of 
a 9-inch layer of lime 



WATKR-QULLY. 




PLAN. 

Fig. 42. 
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concrete, the invert 

being formed of cement WATIR^HJLLY. 

concrete; the walls are 
constructed of brick- 
work in lime mor^r, 
tbe whole of the inside 
being rendered with 
cement and sand (1 to 
1) J inch thick ; the 
parda or diaphragm 
is of blue cut-stone, 
smooth dressed and 

SO fixed as to dip ^ ,« 

into the water to a 

depth of 9 inches and dividing the chamber into two 
parts ; the part of the chamber nearer the underground 
drain is covered with 6-inch stone slabs, while the other 
part is brought up to the road surface, and covered with a 
cast-iron grating, 20 inches by 20 inches, resting on a cut- 
stone rebated curb, 9 inches by 6 inches. The depth of 
the seal of surface water gullies irf India should never be 
less than 9 inches on account of evaporation, which so 
rapidly takes place in this country. 

In a large city, it is very difficult to keep surface water 
drains absolutely free of sewage, and unless constant super- 
vision is exercised, house connections are made to fhem, 
especially if that drain is the most conveniently situated 
for the house-owner, and this is an additional reason for 
recommending that the water seal should be so great, dur- 
ing the dry season it is a convenient plan to fill in all water 
gullies, right up to the grating, with clean sand: this 
allows of the road watering soaking through and passing 
into the drain, but prevents foul air from coming out into 
the street. In a general way, it is not necessary to arrange 
for the ventilation of surface-water drains, as, even though 
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the first flow of rainfall may He very foul, it is usually 
followed by a much clearer liquid and the deposit in the 
drain is usually nearly all mineral matter which will not 
decompose. 

Fig. 43 shews a drawing of a manhole on a surface- 
water drain. It has been found desirable to lower the floors 
of the manholes as shewn in the figure. They then act as 
catch-pits, and facilitate the cleaning of the drain. The 
manhole is constructed of brick-work in lime mortar, 9 
inches in thickness, the side walls resting on those of the 
drain and the end walls on the 6-inch dhapas. The whole 
of the inside of the brickwork is rendered with cement and 



Fig. 43. 
sand (1 to 1) J inch thick. Cast-iron steps, as before de- 
scribed, are inserted in one of the walls to enable the work- 
men to descend into the manhole. The manholes are 
covered with the ordinary type of covers and frames shewn 
by Fig. 1 on Plate 6. 

The cleaning of surface-water drains is usually done 
by hand and during dry periods. It is not accompanied 
by any danger from polluted air, and therefore the rules 
which apply to sewer-cleaning need not all be enforced. 
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Sub-Soil Drainage.— The question of sub-soil 
drainage should always have consideration from the Sani- 
tary Engineer, as the level of sub-soil water has much to 
do with the health of the community. The principal 
source of moisture in soil is rain, but it may arise from 
other causes, such as springs or excessive water-supply and 
wastage of the same. It is only when the sub-soil water is 
in excess and becomes stagnant and is close to the surface 
of the ground, that it becomes dangerous to health. 

A saturated sub-soil prevents the circulation of fresh 
rain water through the soil, vegetation thereby losing the 
benefit. The effect of a wet or saturated soil is to reduce 
the temperature of the air, and is very often the cause of 
fogs, it is always the cause of mists arising from the 
ground, which are naturally injurious to health. A sub- 
soil of wet clay will shrink in drying about one-fifth of its 
bulk and swell again when wet, and for that reason build- 
ings on such sub-soil should always have their foundations 
taken down below the reach of atmospheric changes: this 
depth in clay may usually be taken as 6 feet. Clay is a 
soil which is very retentive of moisture, and one cubic foot 
in most dry clays will absorb about one gallon of water. 
To get rid of superfluous water, sub-soil drainage is often 
necessary on sanitary grounds. If the sub-soil is composed 
of sand or gravel or loamy earth, then any liquid reaching 
the ground passes away by percolation, but this is not so 
in clay, which will take up moisture and retain it until 
it can hold no more, and any further supply of liquid 
remains or drains away on the surface if it can find an 
exit. A large proportion of the sub-soil in Bombay is clay 
overlying the balsaltic rock and certain low-lying parts of 
the Island are always wet, leading to much unhealthiness. 
The laying of drains and sewers generally has a beneficial 
effect in lowering the level of the sub-soil water, and pro- 
vides a passage for it along the sides of the drain and the 
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sewer. It is sometimes a good plan to put a layer of road 
metal around the drain or sewer for the sub-soil water to 
flow through. 

The Author has sometimes found it useful to fix in the 
side walls of a surface-water drain flap pipes to allow of 
sub-soil water finding its way in ; these pipes should not be 
placed below the springing line of an arched drain. 

Sub-soil drains should not be less than four feet below 
ground level. Certain authorities recommend deeper drain- 
age, and it is an undoubted fact that the deepest drains 
flow first and the longest. The filling in of old tanks is a 
question that crops up frequently in a large city like 
Bombay. Such tanks are often very deep and serve no 
useful purpose when a sufficient water-supply exists, but, 
on the other hand, they become the receptacle for all kind 
of rubbish and filth. Under these circumstances, they 
should be filled in with good clean earth and kept as open 
spaces; but as sub-soil water has always been flowing 
into the same according to the level of the water in them, 
in filling up such tanks a wall of coarse rubble or road 
metal, in which should be laid stoneware pipes with open 
joints, should be constructed all round the tanks, starting 
at a depth of 6 feet, that being about the depth at which 
sub-soil water ceases to be unhealthy, and the pipes graded 
to a point where a connection can be made with the nearest 
surface-water drain. 

Wells abound in all large cities and their water unfor- 
tunately, no matter though it be greatly contaminated, is 
preferred by many Hindus to the pipe supply. The watch- 
ful control of wells is an important Municipal duty, and 
Health Officers are frequently called upon to take action 
in regard to those that are a menace to public health. 

The question of filling in wells is a fruitful source of 
friction between the public and the authorities, and no 
measure pf equal sanitary importance is more keenly op- 



Digitized by 



Google 



234 DRAINAGE PROBLBBfS OF THE BAST. [ChAP. VII. 

posed. The fouler the well iind the more necessary its 
filling in in the interests of public health, the greater gene- 
rally are the demands that it shall be spared, usually on 
religious grounds. Although the most S3rmpathetic and 
respectful consideration should at all times be given to the 
genuine religious sentiments of the people, a limit is often 
reached in sanitary matters, beyond which it would be the 
falsest kindness to go. Many wells are found on analyses 
to be seriously contaminated by sewage, and to allow such 
to remain and spread disease, as they inevitably do, is 
nothing short of criminal. 

Before closing this Chapter, it may be interesting to 
allude briefly to the first portion of the scheme now being 
carried out for the surface drainage of the low-lands of the 
Island of Bombay. The area to be dealt with is equal to 
2,865 acres. To drain this, a main channel has been con- 
structed with a bed-level at ts lower end at 71-60 T.H.D., 
or 6 inches below the lowest low water at spring tides. 
Tne bed slopes up from this level at a gradient equal to 
2 feet per mile, and its capacity is based on a discharge of 
0-70 cubic feet per second per acre, equal to 0*70 of an 
inch of rainfall per hour. The channel discharges into 
the Arabian Sea at the western foreshore of the Worli 
village, where sluices with four openings, each 20 feet wide, 
have been constructed. The channel at the lower end is 
62 feet wide at the bottom, with side slopes one to one, 
which are pitched with dry stones. It was originally pro- 
posed to pave the bed with dry pitching, and where the 
foundation is hard this has been carried out; but for the 
main part of the channel 12 inches of lime concrete have 
been substituted, that having been foxrnd necessary owing 
to the soft nature of the ground. The main chamnel, which 
is known as Channel No. 1, runs from the Flats to Worli 
village and at a point near the old Worli sluices it bifur- 
cates towards Dadar, this branch being imown as Channel 
No. 2. 
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It is proposed to continue the main channel by a 
covered drain at Jacob's Circle, and at that point it will 
receive various drains from different roads in the low- 
lands. The same procedure will be adopted in the Dadar 
District. 

The cost of the main work, now in hand, will amount 
to Es. 13,00,000, and it is at present very nearly com- 
pleted. Plate No. 57 shews the position of the channels 
by a thick black line. 
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INTRODUCTION. 



Thb following accounts of the sewerage of the various 
cities in the East will, the Author hopes, be found interest- 
ing to the Sanitary Engineer. 

In the matter of sanitation, Bombay stands out as a 
pattern of good local self-government, for there is no 
cily in India, and possibly in the East, where such strides 
have been made in sewerage and in sanitation generally. 

Most of the cities dealt with shew progress in sani- 
tation, even from an occidental point of view ; and in most 
cities, as in Bombay, the completion of the sewerage sys- 
tems is progressing. 

It is hoped that the accounts will be of use to Engi- 
neers, who have to deal with similar sewerage problems in 
other Eastern Cities. 

Bombay is the only city that has now practically com- 
pleted its sewerage works, a few outlying districts only re- 
maining to be sewered and drained. Its position as the 
Gateway of India necessitates its standing first in this 
respect. 

A few notes have been added in regard to the sewerage 
of Alexandria, which is not an Eastern City and some apo- 
logy therefore seems necessary for its inclusion in this 
Book ; but as the Author knows that many have condemned 
the inactivity of Local Governments and Corporations in 
the East in regard to sanitation, he thinks that the follow- 
ing notes will shew that there is no city in the East, with 
any pretensions to being a city, that cannot hold up the 
finger of scorn to Alexandria in the matter of sanitation. 
It is a large and important city with great natural advan- 
tages, lying on the border-land of Europe; and in spite of its 
increasing importance, it has spent practically nothing in 
improving its sanitation for the last tEirty years, wnile, 
refusing advice and warning, it has persisted in neglecting 
the first rudiments of sanitation. 
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CHAPTER Vni. 



SEWERAGE OF BOMBAY. 

This book would tardly be complete without a short 
III story of the drainage of Bombay, for there is no city in 
India, and possibly in the East, where such strides have 
been made in sewerage and in sanitation generally. Many 
races of the world are represented there, each with its own 
distinctive domestic customs, and the condition of drainage 
are therefore varied and uncommon. 

The history of the drainage of Bombay is as intferesV 
ing as it is exceptional, and if, in the light of later experl 
ence, it has been found that mistakes have been made, it 
must be remembered that even so recently as twenty years 
ago, sanitation was to a great extent empirical and the sys- 
tem of " trial and error " had inevitafly to be largely 
resorted to. Devious although the approach may have 
been, there is little doubt that Bombay has now arrived at 
a satisfactory scheme, a study of which, with its great 
variety of circumstances, must prove of the highest in- 
structive value. 

Plate 68 is a copy of an old plan of Bombay as it 
existed in the year 1672, when it consisted of seven separate 
islands, which have all now disappeared as such, owing 
partly to the action of nature, but mostly to the work of 
man. The red boundary in the plate shews the Island as it 
exists at the present time. It will be seen that a more 
difficult place could hardly be found for drainage purposes 
than this city, with its large area of reclaimed ground 
below high-water level. 

16 
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The population ol Bombay in the latter part of the 
seventeenth century is recorded as only 60,000, and the 
various islands are known to have been inhabited by people 
belonging mostly to the fisher caste: many traces of 
old fishing villages and the descendants of the people them- 
selves still remain in parts of the city. 

During the period from 1672 to 1845, in which year 
the Municipal interests of the city were entrusted to a 
Board of Conservancy, much was done towards reclaiming 
the spaces between the islands. There was, however, left 
for drainage purposes an open ditch, known as the old 
main drain, which ran from where the Crawford Market 
now stands, via Abdul Rehman Street, Paidhoni, Bapu 
Khote Street, and Falkland Road, to the Flats, where it 
emptied itself into a tidal estuary. No attempts were made 
to arch over anjjr portion of this drain until 1824, and it 
was not until 1845 that it was covered even as far as 
Paidhoni, though the progress after that was comparatively 
rapid, and by 18B6 the arching had been completed up to 
Bellasis Road. 

ITie size of this old main drain varied. At its com- 
menc/cment in Abdul Rehman Street it was 2 feet by 2 feet. 
After passing Paidhoni its size was much increased, no 
doubt because of cross-drains running into it, it being at 
that point 10 feet 9 inches wide by 4 feet high w^ith a gra- 
dient of 1 in 450. In Falkland Road its size was further 
increased to 20 feet 3 inches by 8 feet 6 inches with a gra- 
dient of about 1 in 5,000. In Bellasis Road, whore it re- 
ceived the drainage of that part of the island even then 
known as By cull a, its size was 20 feet 3 inches by 9 feet 
10 inches, with a gradient of about 1 in 1,140. From this 
point it ran over the Flats to the sluices in an open cut. 
The arching consisted, for the most part, of roughly-dressed 
stone with side walls of the same material. In many parts 
there was no foundation, but where any existed it was of 
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rough rubble. This drain carried all the surface water 
in the monsoon, and all the year round such sewage as was 
discharged into it by gravitation or by hand. The state of 
sanitation must, indeed, at this time have been serious, 
considering the flat gradients and defective construction of 
the old main drain. It must have been a vast elongated 
cess-pool, and probably always contained a large quantity 
of putrefying sewage. This old main! drain exists even to 
this day, though much improved by having been repaired 
and in parts re-built. It iS, perhaps, needless to add that 
it is now used for storm-water only. 

Things had become very serious Ijy 1863, when Mr. 
Conybeare, a " Superintendent of Eepairs," submitted a 
plan to the Board of Conservancy for alleviating the nui- 
sance resulting from the old main drain. His plan pro- 
vided for no alteration to the condition of things during 
the monsoon, but during the dry weather it was proposed 
to run the sewage into a pit near Bellasis Road and to lift 
it after deodorization and use it for irrigation on the Flats. 
It is on record, and this is hardly surprising, that this did 
not improve, but rather intensified, the nuisance. Things 
continued much in the same way until 1860, when a scheme 
for the drainage of the city was submitted by Mr. Tracey, 
the Municipal Engineer, who seems to be the first Engineer 
who seriously attempted to deal comprehensively with* the 
whole of the drainage of the city. He objected to the ap- 
plication of sewage to land, and proposed its discharge bjj- 
two outfalls into the harbour. In his proposals Mr. Tracey 
objected to an outfall on the west, as being the windward 
side, and because he saw the risk of sewage deposit on the 
foreshore. 

The scheme, briefly speaking, provided for the dis- 
charge of the sewage at two points, viz., Wari Bunder and 
Carnac Bunder. It was proposed to discharge the sewage 
of Umerkhadi, Girgaum, Kamatipura, Tarwadi, and Now- 
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roji Hill at the former outfall, and that of the Market, 
Mandvi, and Sonapur at the latter. At Carnac Bunder all 
the sewers were to discharge into the sea by gravitation 
only. At Wari Bunder there was to be a low-level as well 
as a gravitation system. The low-level sewers were to dis- 
charge into tanks, whence the sewage was to be pumped 
into the harbour at ebb-tide. The sewers on the gravitat- 
ing system were designed to carry both sewage and storm- 
water, but from the low-level sewers, storm-water was ex- 
cluded. The whole scheme was to cost Bs. 33,20,000. 

Mr. Tracey's scheme was sent to England to the Secre- 
tary of State, and Mr. Robert Rawlinson, a'fterwards Sir 
Robert Rawlinson, K.C.B., was asked to report* on it. Mr. 
Rawlinson reported favourably in 1863, with some slight 
modifications. It was accordingly sanctioned by Govern- 
ment in September 1863, and Mr. Tracey was appointed ic 
carry it out, with Captain Trevor as Consulting Engineer. 
But before much work could be done, Mr. Tracey unfor- 
tunately died, while Mr. Wilcox, his Assistant, who suc- 
ceeded him, also died shortly after. 

In the meantime, an agitation was got up against the 
propriety of placing sewage outfalls so near the^ populated 
parts of the City, and Government appointed a Commis- 
sion, of which Mr. T. Ormiston, the first Port Trust Engi- 
neer, was a member. Mr. Ormiston was of opinion that 
Colaba was the best point for the discharge of the sewage 
(a view that is now very generally accepted as correct), and 
that storm-water and sewage ought to be separated, and 
Government concurring with these views condemned Mr. 
Tracey's proposed outfalls. 

For a year or two no further steps were taken, and the 
next important epoch in the history of the drainage of 
Bombay was the scheme prepared in 1866 by Mr. Russel 
Aitkin, then Engineer to the Municipality, who proposed 
ttiat the sewage should be discharged into a reservoir at 
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Colaba near the Lighthouse and pumped into the sea on 
the ebb-tide. Mr. Aitkin objected to a " separate system '* 
as impracticable in Bombay, and therefore provided for the 
sewage and the storm-water to flow away by the same 
drains. He proposed a main sewer from Null Bazar to 
Colaba with large branch sewers from different districts. 
These intercepting sewers were designed to carry a maxi- 
mum rainfall of eight inches per diem in addition to the 
ordinary sewage of the districts to be drained. During 
the fair season the sewage was to flow by the main sewer 
to Colaba where it was to be pumped into the sea. During 
the monsoon the branch sewers were to be cut off from the 
main sewer, and to discharge the sewage and storm-water 
into the harbour or Back Bay, the flow being against the 
gradients. The main sewer from Null Bazar to Colaba 
was thus during the rains to carry off the sewage and 
storm-water only from the low-lying district lying between 
Khetwadi and Bellasis Road. This main sewer was 
designed to carry off only two inches of rainfall per diem 
from this low-lying district, and Mr. Aitkin therefore pro- 
posed to retain the existing open main drain to receive the 
surplus, when more than two inches of rain fell in a day. 

The whole cost of Mr. Aitkin's scheme was 110 lakhs 
of rupees, the annual working expenses being Rs. 2,60,000. 
Mr. Russel Aitkin's views at that time regarding the velo- 
city in the sewers strike one as curious in these days of 
advanced knowledge. In the main sewer the velocity was 
to be not more than 2^ feet per second when running full 
with sewage and storm-water, but during the dry weather 
it was to be only 1 foot or even 9 inches per second, and 
this was then supposed to be sufficient to prevent deposit 
in the sewers. 

In 1867 Mr. Aitkin's scheme was forwarded to Mr. 
Robert Rawlinson, who was of opinion that sewage dis- 
charged at Colaba would return to the harbour. The na- 
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tural fall of the Island towards the Flats and Warli indi- 
cated to him the true direction for the conveyance of the 
sewage. He further added that float experiments carried 
out by one Mr. Jagannath Sadashiv proved that a Colaba 
outfall would contaminate the harbour. 

As regards these float experiments, which were be- 
lieved in and relied upon for so many years as conclusive 
evidence that to discharge the sewage at Colaba would be 
fatal to the interests of the City, it is interesting to note that 
it was left to Mr. Baldwin Latham during his visit to 
Bombay in 1890 to discover that the arrows indicating the 
directions of the floats were wrongly shewTi on the plan. 
That is to say, they pointed to the north instead of to the 
south and thus erroneously led to the conclusion that the 
current during the ebb-tide set into the harbour instead of 
flowing to the open sea. This extraordinary mistake has 
no doubt been the principal cause of Bombay having its 
outfall on its western foreshore with all the nuisance that 
has arisen therefrom. 

Mr. Eussel Aitkin's scheme, therefore, remained in 
abeyance, though some works proceeded in the Fort which 
had its separate outfall near the Mint. 

Pending the settlement of the main question of the 
drainage of Bombay, Mr. Aitkin also constructed a low- 
level sewer from Bellasis Road to Love Grove, which during 
the fair season intercepted all the sewage from the old 
main drain, and conve3'ed it to a Pumping Station at Love 
Grove, where it was lifted by one chain and two centrifugal 
pumps into the sea. The drainage of Kamatipura was also 
taken in hand, and brick-sewers and pipe-sewers were 
substituted for open drains. These sewers, though highly 
commended then, were afterwards condemned by Mr. 
Baldwin Latham in 1890. 

In 1868 Captain, now Major, Tulloch came to Bombay 
from England, and the Municipality referred the drainage 
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question to him. In November 1868, he submitted his 
report and advocated the segregation of sewage from storm- 
water and was of opinion that whether the sewage was ap- 
plied to land or discharged into the sea, it should be taken 
towards thtf west of the city and not towards the harbour 
or Colaba. His reasons were that the natural slope of the 
Island was towards the west, and any discharge towards 
the east might foul the harbour. 

He proposed to pump the sewage at Love Grove and to 
utilise it on land, or, as an alternative, to carry it back 
from Love Grove and discharge it al Colaba^ if an outfall 
at that point were approved, though he was personally 
opposed to this. He ^as equally opposed to an outfall on 
the west, but ultimately his own reasoning in meeting the 
arguments of the opponents to his scheme led him inevit- 
ably to that point. 

In 1869, Government appointed a Commission, with 
Mr. A. E. Scoble as President, to consider and report on 
the drainage and water-supply of Bombay, including a 
report on Major TuUoch's scheme. 

The Commission concurred with Major Tulloch as re- 
gards the necessity for a **separate system," but they differed 
from him on several points, principally the carrying of the 
night-soil through the sewers and the utilisation of sewage 
on land. 

Plate 69 shews an interesting geological map of the 
Island of Bombay prepared by Major Tulloch in support 
of his proposals to carry the main sewer towards Love 
Grove, that course running for the most part through 
made ground. 

The report of the Commission, and the financial diffi- 
culties in which the Corporation found itself at the time, 
postponed any serious advance being made with the drain- 
age until 1877, though during the interval some work was 
done, slowly and casually, as particular nuisances required 
to be dealt with. 
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The extension of building operations, however, aggra- 
vated the nuisances, and in 1877 they became so intolerable 
that on the recommendation of the Town Council, the Cor- 
poration asked Government to appoint a Commission to 
advise as to what scheme was the best to adopt for the 
drainage of the City, and Government responded by appoint- 
ing four gentlemen with Surgeon-General Hunter as the 
President. A number of witnesses were examined by the 
Commission, which issued its report in January 1878, re- 
commending the adoption of Major Tulloch's scheme as 
slightly modified by Mr. Rienzi Walton, the then Executive 
Engineer to the Municipalijty, who advocated the pumping 
of the sewage into the sea at the Love Grove outfall. This 
scheme consisted of laying a main ovoid sewer from Camac 
Bunder to the Crawford Market to be continued along 
Sheik Memon Street, Bhuleshwar, Khetwadi, and the Flats 
to Love Grove, with a branch sewer from the Town Hall to 
the Crawford Market and another up Clerk Road. A 
Pumping Station was to be erected at Love Grove to pump 
the sewage into the sea. The Commission was further of 
opinion that house-connections would be suitable, and that 
provided the water-supply was not less than 20 gallons 
per head per diem, the night-soil might be freely admitted 
into the sewers, with a recommendation for the enforcement 
of a standard water-closet, except for huts and inferior 
buildings where house-connections were impossible. It 
stongly recommended free ventilation of all sewers, and the 
separation of storm-water from sewage. 

The drainage of Bombay, as now carried out, has in 
the main closely followed these recommendations. 

The report of General Hunter's Commission was an 
important one, as it marks the commencement of an entirely 
new era regarding the drainage history of Bombay. 

The Corporation took the matter up seriously and in 
March 1878 sanctioned the scheme. The Government of 
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India were asked to give a loan of Es. 60 lakhs, most of 
which was to be devoted to its execution. The loan was 
refused, and in September 1878 the Municipality itself 
raised a loan of 27 lakhs in Bombay, and in December of 
the same year the work was commenced under the super- 
vision of Mr. Rienzi Walton, the Executive Engineer, who 
was placed on special duty for this purpose. The works 
immediately taken in hand were the main sewer from 
Camac Bunder to Love Grove, certain branch pipe sewers, 
a Pumping Station with new plant at Love Grove, and a 
new outfall sewer. 

In May 1881 the main sewer, as it now exists from 
Carnac Bunder to Love Grove, was completed. It is ovoid 
in shape and of the following sizes: — 



From 


To 


Site?. 


Distance in 
Miles. 


Frere Road (Carnac 
bander). 

South end of Sheik 
Memon Street. 

Cawaeji Patel Street . 

Junction of Khetwadi 
t aok Boad and 
Khe t w a d i 10th 
Lane. 

Junction of Grant 
Boad and Falkland 
Boad. 

Clerk Boad Croeaing. 


!ioath end of Sheik 
Memon Street. . 

Cawasji Patel Street. 

Junction of Khetwadi 
Back Boad and 
Khetwadi lOth 
Lane. 

Junction of Grant 
Boad and Falklano 
Boad. 

Jlerk Boad Crossing. 
Love Grove 


• 
2'.8"x4'.0" 

3'.4"x5'-0" 

3'.I0"x5'.9" 

4'.8"x7'^' 
5'-4"x8'-0" 


0-52 
0-78 
0-51 

014 

0-35 
0-95 






Total ... 


4-25 



The cost of the whole of this work amounted to five 
lakhs of rupees. 
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By 1880- the outfall sewer from the Pumping Station 
to an out-let chamber oh the foreshore* had been completed 
at a cost of 2 J lakhs. This is a double barrelled masonry 
sewer, each barrel being 3 feet 6 inches in diameter. From 
the chamber are laid two parallel 36-inch pipes, running 
into the sea 6 feet below low-water spring tides. These 
pipes were not laid until the end of 1881. 

Meanwhile branch pipe sewers had also been laid, 
connecting with the main sewers, in various streets, at 
a cost of 2J lakhs. 

The Pumping Station at Love Grove has a history of 
its own. The first was erected, as already stated, in 1867 
by Mr. Russel Aitkin and contained two centrifugal pumps 
and a chain pump. In 1869, the flow of sewage was con- 
siderably increased, and in 1870 two new chain pumps were 
erected and one of the old centrifugals removed. In 1872, 
a further alteration was made, the other old centrifugal 
pump being removed and a new direct-acting centrifugal 
pump put in' its place. The four pumps, namely, tliree 
cham pumps and one centrifugal, were together capable of 
lifting 20J million gallons per diem, though not more than 
8 million gallons per day found its way to the pumping 
station. From time to time, the pumps gave trouble, and 
finally it was decided to erect a new Pumping Station and 
plant, which was included as a part of Mr. Walton*s scheme 
sanctioned by the Corporation in 1878. The new station 
was completed in 1884 at a cost of a lakh of rupees, and 
four engines and pumps were erected therein at a further 
cost ofi a lakh and three-quarter^. Theese engines and 
pumps worked until 1890, when they were condemned by 
Mr. Baldwin Latham as being extremely ineflScient and 
thoroughly worn-out. A new engine-house was then con- 
structed near the old one, and four Worthington direct- 
acting triple-expansion engines and pumps made by Messrs. 
James Simpson & Co., London, capable of lifting 15 million 
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gallons each per diem, together with four Babcocfc and 
Wilcox boilers, were erected at a cost of four lakhs of 
rupees. 

These commenced to work in 1893, and are still doing 
their work efftciently. 

It has already been stated that brick and pipe sewers 
were laid in Kamatipura by Mr. Russel Aitkin, and, in 
1870 the district was declared by Mr. Thwaites, who suc- 
ceeded Mr. Aitkin as Engineer, as one of the best drained 
districts. In 1877, however, the attention of the Corpora- 
tion was directed to the insanitary st^te of the district and 
Mr. Walton was asked to report on it. Mr. Walton report- 
ed in 1880 that the system of drainage in Kamatipura 
was a complete failure: the joints of the pipe sewers were 
made of clay, storm-water and sewage were discharged into 
the same channels, and the brick sewers were directly con- 
nected with the old unventilated Umefkhadi sewer. He 
submitted a scheme for the re-sewerage of Kamatipura, 
which provided for the re-laying of the pipe sewers and 
connecting them with the new main sewer at the junction 
of Grant Road and Falkland Road by means of a new 2 
feet 6 inches by 3 feet 9 inches Branch ovoid sewer. It 
also provided for the exclusion of all storm-water from the 
sewers. The scheme was approved and sanctioned at a cost 
of a lakh and a half of rupees, and the works were com- 
pleted in 1883. 

In the same year a branch ovoid sewer, 2 feet 6 inches 
by 3 feet 9 inches, was constructed along Clerk Road from 
the main sewer to Jacob Circle at a cost of Rs. 30,000, 
which was in the next two years extended to opposite the 
Victoria Gardens at a further cost of Rs. 33,000. 

In 1885, the Queen's Road sewer, which runs from 
opposite the B. B. & C. I. Railway Marine Lines Station 
and joins the main sewer at Khetwadi 10th Lane, was com- 
pleted at a cost of a lakh and a half of rupees. This sewer 
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intercepted all the sewage which was being discharged into 
Back Bay. 

Other drainage works were also at this time pushed on 
rapidly, the Ripon Road ovoid sewer, 2 feet 6 inches by 
3 feet 9 inches, having been completed in 1886 at a cost of 
Rs. 60,000 ; the Mint Road sewer, also 2 feet 6 inches by 
3 feet 9 inches from the Mint to the Crawford Market, was 
completed in the same year at a cost of Rs. 90,000 ; and, in 
1890, the pipe sewers in Agripada were laid at a cost of 
one lakh. 

House connections were also pushed forward in various 
districts, the Corporation spending some fifteen lakhs of 
public money on these connections. 

In 1889, complaints were received of nuisances existing 
in Marine Lines — a part of the City principally occupied 
by the Military — and the same being attributed to the new 
pipe sewer. Government appointed a Committee to inquire 
into the matter. The Sanitary Commissioner to Govern- 
ment, who was one of the Committee, made an adverse 
report on the sewerage of the City generally ; considerable 
discussions also arose as to the suitability of the sewage 
outfall at Love Grove; and the Corporation, on the recom- 
mendation of Sir Charles Ollivant, the then ilunicipal 
Commissioner, sought the advice of Mr. Baldwin Latham 
on the question of the drainage of the City, both present 
and future. 

Mr. Latham came to Bombay in 1890, whose visit 
was a very successful one and resulted in the Corporation 
obtaining a useful report known as the " Sanitation of 
Bombay." He reported that the different sections of the 
main sewers were properly designed in regard to the popu- 
lation they were intended to serve, but that he found con- 
siderable silt in them, mostly due to the inefficiency of the 
pumping engines at Love Grove, which he condemned as 
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worn out. He found that the pipe sewers had been well 
laid, and pronounced the jointing equal to any he had seen 
elsewhere. He condemned the outfall at Love Grove and 
shewed the fallacy of the float experiments of Mr. Jagan- 
nath Sadashiv and proved that an outfall at the Colaba 
point was the best. As, however, the main sewers had 
already been laid with a fall towards Love Grove, he 
recommended that all the sewage should first flow to Love 
Grove and be there pumped into a high-level gravitating 
sewer running from Parel to Colaba and discharged at the 
latter place at ebb-tide only beyond the Prongs Light 
House. 

The Corporation sent a copy of the report to Govern- 
ment to ascertain if they would allow an outfall at Colaba 
as recommended by Mr. Latham. The Government ap- 
pointed a Commission who examined, among other witness- 
es, Mr. Baldwin Latham, who admitted that if, for finan- 
cial or other reasons, the outfall could not be placed at 
Colaba, the existing outfall was the next best. The Com- 
mission reported that the cost of Mr. Latham's proposals 
was prohibitive, and that Love Grove was the second best 
site for an outfall, and the Government declined to sanction 
the new proposals. 

In 1893, although a large amount of the island had 
been drained, there still remained several populated parts 
of the City where no drainage of a satisfactory tind existed. 
These districts were Colaba, Mazagon, Malabar Hill, 
Chinchpokli, Parel, and the northern part of the Island. 

Colaba was the first of these districts to engage the 
attention of the Municipality. The discharge of sewage 
at different points into the harbour created an intolerable 
nuisance, and loud complaints were made by the public. 
It could not, however, owing to the configuration of the 
land, be drained by gravitation only to the sewers already 
laid, and some sectional system had therefore to be resorted 
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to. It was at first proposed to lift the sewage at some con- 
venient point by direct-acting pumping, but the Munici- 
pality failed to obtain any suitable site for a pumping 
station. Both the Port Trust and the Government, who are 
large land-owners in the district, declined to give land for 
the purpose. After great discussion, it was ultimately 
decided in 1893 to drain the district on the Shone System. 
The works were designed and carried out by the late Mr. 
J. W. Smith at a cost of eight lakhs of rupees. They pro- 
vide for a prospective peculation of 28.000 people, the pre- 
sent population being about 18,000. 

The district is divided into five blocks, each having an 
Ejector Station as shewn in Plate 60. 

Nos. 1, 2, and 3 Ejector Static«is have each two ejectors 
of 500 gallcMis capacity each. No. 4' Ejectpr Station two 
ejectors of 300 gallons capacity each, and No. 6 Ejector 
Station, two ejectors of 100 gallons capacity each. One 
ejector is sufficient to cc^ with the sewage in each block, 
the other being held in reserve. The stations are biult of 
bricks set in cem^it mortar, plastered on both sides with 
cement. 

The compressed air is supplied to the ejectors from 
an Air Compressor Station, erected in a convenient position 
near the Arthur Basin. In this are placed three com- 
pound non-condensing engines, each of ^ indicated horse- 
power, with two marine boilers of the type known as the 
** Dry Back Tubular." Two engines and one boiler are 
sufficient to deal with the maximum requirements of the 
whole district, the third engine and the other boiler being a 
stand-by. Each of the engines is designed to deliver 450 
cubic feet of free air per minute, compressed to 22 lbs. 
above atmospheric pressure. 

The compressed air is delivered into an air-receiver, 
placed outside the engine-house, having a capacity of 800 
cubic feet. The air main is coupled up to the receiver, and 
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supplies air to each of the stations by means of suitable 
branch pipes. 

A sealed sewage main is laid from No. 3 Ejector Station 
to the Wellington Fountain at the nortii end of the Colaba 
district, with branches from Nos. 1 and 2 Ejector Stations, 
and discharges into a long chamber near the Fountain. 
From this chamber the sewage flows into the gravitation 
pipe sewers. The use of the chamber is to receive the con- 
tents of the sealed sewage main, should they be required 
to be suddenly blown out in the case of an obstruction 
taking place in the main. No. 4 Ejector Station discharges 
its sewage through a short length of sealed sewage main 
into the head of a sewer gravitating to No. 3 station, 
where it is all re-lifted, while No. 5 discharges also through 
a short length of sealed sewage main into the sewer gravi- 
tating to No. 4, where the sewage is re-lifted and sent to 
No. 3, where it is again re-lifted. The double lifting of the 
sewage of No. 4 sub-district and the treble lifting of that 
of No. 5 has been adopted as being economical, for the 
reason that to force the sewage of these sub-districts, which 
is comparatively small in quantity, through a rising main 
from one end of Colaba to the other, would require com- 
pressed air at a much higher pressure than necessary for 
the other three stations, where the greater part of the 
district gravitates. 

The drainage of this district was completed in 1895, 
and house-connections were immediately taken in hand, 
not on this occasion at the cost of the Corporation, but of 
the owners themselves, and completed in the following year. 

The Shone System at Colaba gave such satisfaction 
that it was decided in 1897 to extend tlie system to other 
districts, viz., Mazagon, Parel, Chinchpokli. the Old Race 
Course, and Malabar Hill. 

It was considered more economical to provide at one 
station the air compressing machinery required for all 
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these districts than to construct separate installations for 
each of them. The Corporation, therefore, sanctioned in 
1897 the construction of an Air Compressor Station at 
Love Grove to the north of the Pumping Station, and the 
erection of the air compressing machinery and the laying 
of air mains capable of dealing with the sewage of all 
the above districts, at a cost of 8 lakhs. 

Simultaneously with this work, the sewerage of the 
Mazagon District was also taken in hand. Here two 
ejector stations have been constructed at the positions 
shewn in Plate 61, one containing two ejectors of 1,200 
gallons each and the other two of 250 gallons each. In 
this district the ejector stations have Been built of cast-iron 
tubbing, owing to the presence of much subsoil water. 
The work was completed in 1899 at a cost of 3Jlakhs. 

In 1900-1901, a further extension of the Shone System 
was sanctioned for the districts of Chinchpokli and Parel. 
There are two ejector stations in the former district, and 
tnree in the latter. Plate 62 shews the positions of the 
five ejector stations, and the pipe sewers, air mains, and 
sealed sewage mains. 

Ejector Station No. 1, in the Chinchpokli District, is 
built of brick- work in cement and contains two ejectors of 
1,000 gallons each, while that in No. 2 is of cast-iron 
tubbing, containing two ejectors of 1,200 gallons each. 
The ejector stations Nos. 1 & 3 in the Parel District are 
brick chambers, while No. 2 is of cast-iron tubbing. No. 
1 station contains two ejectors of 700 gallons capacity 
each. No. 2 contains two ejectors of 1,000 gallons capacity 
each, and No. 3 contains two ejectors of 600 gallons capacity 
each. The compressed air is supplied to these stations from 
the Air Compressor Station at Love Grove. All the sewage 
is discharged into existing gravitation sewers and flows to 
the Pumping Station at Love Grove. The cost of sewering 
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tnese two districts has been about 9 lakiis. and the work^ 
were completed by the middle of 1903. 

There now remains only the drainage of Malabar Hill, 
the Elphinstone Estate, the Agripada Estate, and the North 
of the Island. 

* The Agripada and Elphinstone Estates are to be 
drained on the Shone System, the compressed air being 
supplied from the present station at Love Grove. Each 
district will have two ejector stations, with duplicate ejec- 
tors in each. The work of sewering the Agripada Estate 
has been sanctioned, and is now in hand. 

As regards Malabar Hill, the proposals are to deal 
with half the sewage on a biological system, to drain about 
a third of the district to the north on the Shone System, and 
the remainder near Chaupati by low-level sewers and a 
small pumping plant. 

Plate 63 shews the three divisions of the district and 
the drainage arrangements in each sub-district. No. 1 is 
that which is to be drained on the biological system, the 
purified sewage being discharged at once into the sea. 
The prospective population is taken at 8,000 and the daily 
flow of sewage at 300,000 gallons. The sewage is to firsC 
flow into a closed Liquefying Tank having a capacity of on»- 
day's flow of sewage. This tank will be 160 feet by 5(' 
feet by 6 feet, and so constructed that it can be cleaned ii* 
sections. Connected with the tank will be duplicate catcih- 
pits and screening chambers to arrest such materials as 
rags, road detritus, arid other mineral matter in the sewage. 
The effluent from the Liquefying tank will flow on to a 
series of 6 contact beds for its final purification, each of 
the beds being 110 feet by 32 feel by 3 feet. These, beds 
will be filled with 1 inch cube metal. Besides further 
purifying the Liquefying Tank effluent, the contact beds 
will serve also as a storage tank when the tide is above the 
level of the beds. The installation is to be built on the 

17 
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Western Foreshore with a wall protecting it from heavy 
seas. It is proposed to utilise the gas from the Liquefying 
Tank lor lighting the installation at night and also for 
burning the screenings from the sewage. 

No. 2 sub-district is to be drained on the Shone System, 
an ejector station containing two ejectors of 2B0 gallons 
capacity each being placed in Warden Road near Scandal 
Point. The compressed air will be supplied from Love 
Grove and the sewage lifted and discharged into an existing 
gravitation piptj-sewer, a few hundred feet to the north of 
the ejector station. 

The sewers in No. 3 sub-district will gravitate to a 
point on the Chaupati Estate, where the sewage will be 
lifted by means of an oil engine and pumps into a gravi- 
tation sewer. 

The total cost of drainage of the three sub-districts is 
estimated to be: — 

Sub-district No. 1 Rs. 3,19,439 

Do. „ 2 ,. 1,99,635 

Do. „ 3 „ 1,20,874 



'lotal Ks. 6,39,948 



It may be noted that the cost of sewering the whole 
of the district on the Shone System, as originally intended, 
was estimated to cost Rs. 7,71,190 or Rs. 1,31,242 more 
than the above estimate. 

The sewage work in No. 1 Sub-District was sanctioned 
in 1903, but owing to certain technical difficultif^s the 
actual carrying out of the work was not taken in hand 
until the latter part of 1904. The work, however, has been 
rapidly expedited and will probably be now completed in 
a few months. The sewerage work of No. 2 and No. 3 sub- 
districts has also been recently sanctioned and arrange- 
ments have been made to proceed with the same. 
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With regard to the drainage of the north of the Island, 
the scheme proposed is to dispose of the sewage of three 
villages — Wadala, Gowari, and Khara — lying to the east 
of the ridge, by biological treatment and a sewage farm. 
It is impossible, owing to the position of these villages, to 
drain them to the Love Grove Pumping Station without 
some scheme of local pumping, and the initial and annual 
recurring expenses involved in such a scheme would be 
out of all proportion to the importance of the villages. 
It is, therefore, proposed to drain them by open drains and 
pipe sewers to a sewage farm after passing the sewage 
through an Open Liquefying Tank. Open drains have been 
adopted in part of the scheme, owing to the difficulty of 
obtaining self-cleansing gradients for closed sewers. At 
' the junction of open drains with pipe sewers, storm-water 
over-flows will be provided, which will pass all domeslic 
sewage in the fair weather from the open drain to the 
sewer, but, in the rains, will discharge rain water and 
diluted sewage into storm-water drains. Sewage should 
not, however, be allowed to pass into storm-water drains or 
ditches, unless diluted with at least six times its volume of 
rain water. 

The population is taken at 4,000, 'M gallons of sewage 
per head per diem being provided for. 

The buildings in these villages are for the most part 
one-storied and can be mpre aptly described as huts than 
houses; it is, therefore, proposed to avoid house connections 
as far as possible, and provide public latrines and washing 
places at different points. 

Ill is further proposed to acquire for the farm sixteen 
acres of land to the jBast of the J^atunga Leper Asylum. 
The Liquefying Tank will be of sufficient capacity to hold 
three-quarters of one. day's dry weather flow, and the 
sewage will be passed through a screening chamber and 
a catch-pit before entering the Tank. The effluent will be 
conveyed on to the farrti by suitable carriers. 
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The crops to be grown on the farm will be guinea 
grass, kurby, jowar, and different kinds of vegetables. 
Quarters will be provided at the farm for the supervising 
staff and the malis. 

The cost of these proposals is estimated at Rs. 2,12,426. 

This scheme should not only afford a satisfactory 
solution of the problem of the drainage of such villages, 
but should also be financially a paying one. If this 
expectation is realised, other similar out-lying villages 
in the north of the City will probably be similarly dealt 
with. 

Another proposed drainage scheme is for the village 
of Dharavi, situated in the extreme north of the Islands 
Dharavi is principally inhabited by employes of the various 
tanneries situated in the village, and by a colony of 
fishermen. There are some fifty tanneries and the daily 
amount of sewage from these is 330,000 gallons. The 
population is about 6,000 and with 20 gallons of water per 
head per diem, the amount of domestic sewage will be 
120,000 gallons per day. It is not possible to drain the 
village on a gravitation system to Love Grove, and sewage 
containing so large a proportion of tannery waste cannot 
be treated biologically. It has, therefore, been decided to 
discharge the sewage on the ebb-tide into Mahim Bay, 
after passing it first through precipitation tanks, and, if 
necessary, chemijally treating it with alumino-ferric. 
Chemical treatment will not be tried in the first instance 
but will be adopted, should ample screening and precipi- 
tation prove inefficient. There will be three outfalls to 
which the sewage wUl be conveyed for the most part by 
open drains, the configuration of the district making it 
impossible to drain the whole village by gravitation to one 
outfall ; and even with three outfalls the levels would not 
allow of closed drains being wholly laid. 
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At each outfall a precipitation tank, capable of holding 
three hours' dry weather flow, will be constructed, and the 
sewage will be screened through sloping screens in its 
passage into the precipitation tank. In order not to foul 
the foreshore of Mahim Bay, the discharge of sewage will 
be only on the ebb-tide and storage tanks will therefore 
be constructed in connection with the precipitation tanks. 
The storage tank at each outfall will be capable of contain- 
ing 76% of the estimated dry weather flow of sewage 
discharging at that outfall. Plate 64 shews the arrange^ 
nient at one of the outfalls. 

As in the case of the villages of Wadala, Gowari 
and Khara, so also in this case house connections will 
be avoided, public latrines and washing places being con- 
structed at certain places. 

The total cost of the scheme is estimated at Rs. 
1,75,000. 

Plate 65 shews the parts of the Island drained on the 
gravitation system and those on the Shone System. 

Nothing has yet been finally decided as regards the 
drainage of the other parts of the north of the Island, but 
the consideration of this must, of necessity, force itself on 
the authorities in the next few years, as the City is 
gradually extending in that direction. 

In the autumn of 1899 the late Mr. W. Santo Crimp, 
at the request of the Corporation, visited Bombay to advise 
on the various drainage questions, particularly that of the 
disposal of the surface-water of the City and that of the 
discharge of sewers at the Love Grove outfall. For a long 
time loud complaints had been made by the public 
regarding the sewage discharged at the Love Grove outfall, 
the smell being perceptible, particularly at the time of the 
ebb-tide, all along the western foreshore of the Malabar 
Hill. The history of the outfall has been touched upon in 
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the early part of this chapter, where it has been pointed 
out that a small clerical error has been the cause of years 
of trouble and nuisance to a part of the Island which should 
have been, in regard to its healthy condition, the most 
desirable residential quarter of the City. 

Mr. Santo Crimp caused a series of tioat observations 
to be taken at Love Grove, the results of which are very 
interesting and are shewn in Plate 66. They show without 
doubt that the sewage discharged on an ebb-tide flows on 
the surface of the sea and is carried by the tide well down 
and towards the coast in the direction of the Malabar 
Point. On the other hand a flowing tide took the floats 
^ell out into the sea and up the coast. 

The following remedies have been proposed by Mr. 
Santo Crimp to overcome the nuisance during the ebb- 
tides: — 

(1) The extension of the present outfall into deeper 

waters ; 

(2) Treating the sewage discharged during the first 

four hours of the ebb-tide with electrolyzed sea- 
water ; 
i8) Treating the sewage discharged during the tirst 
four hours of the ebb-tide with Permanganate 
of Potash; 

(4) An extension of the outfall sewer to Worli Point, 
discharging at that point all the sewage during 
ebb-tide, and at the Love Grove outfall during 
the flowing tide. 

The first remedy proposed is now impracticable, and of 
the remainder the fourth is probably the most economical 
arid satisfactory. 

While the Author was in England in 1903, he was 
deputed by the Bombay Corporation to visit several Disposal 
Works in England and to submit his views on the questioi 



Digitized by 



Google 



Chap. VIII.] srwrraqk op Bombay. 268 

of abating the nuisance arising from the Love Grove Out- 
fall. He visited several towns and cities in England and 
submitted a report to the Corporation, giving an account 
of the Disposal Works at those places, and expressing his 
views on the particular question at issue. 

He pointed out that while in all well sewered towns in 
England, with a sea outfall, crude sewage is discharged 
into a depth of water not less than 18 feet and at a great 
distance from the shore, the present outfall at Bombay 
discharged nearly 30 millions of gallons of sewage per diem 
into a minimum depth of 6 feet of water and close to the 
shore. 

He gave it as his opinion that if the sewage were 
chemically treated and precipitated, no alteration in the 
present outfall would be necessary; but he at the same 
time pointed out, on the basis of experiments carried out at 
Manchester, that the cost of the chemicals was prohibitive. 
The expenditure on the cheapest chemical material viz.. 
Chlorine, would in Bombay, on the Manchester basis, be 26 
lacs of rupees per annum. He also pointed out that tHere 
was no way of simply deodorizing the sewage of Bombay. 
In all cases where sewage is chemically treated in the 
British Isles, it is done to precipitate the solids, and to 
that extent deodorization is combined with it, but in no 
case is deodorization alone performed. 

The Author, on these considerations, put forward 
another remedy as worthy of attention to abate the nui- 
sance in question. 

There is no doubt that the foulness of the Bombay 
sewage is mainly due to the masses of night-soil thrown 
into the sewers at certain parts of the City. The Author 
pointed out that if the night soil were not discharged into 
the sewers, the existing outfall at Love Grove could be 
maintained in its present condition without causing any 
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particular nuisance. It was therefore suggested that the 
night-soil should be pressed into sludge cakes at various 
depots. These cakes could then be either incinerated or 
disposed of by tipping into some low-lying area outside 
the populated districts. The initial cost of this proposal 
was estimated at about Rs. 90,000. 

It will be seen from this description that the Drainage 
of Bombay presents an exceptional variety of different 
systems, and accordingly there can be few cities, if any, 
in India of greater interest or higher educational valu6 
to students of sanitation. The ignorance and indifference 
of former times in sanitary matters are now happily well 
nigh things of the past, and in Bombay the leading citizens 
have for many years taken a keen, helpful and most intel- 
ligent interest in sanitation and kindred matters. The 
last nine years of plague have taught many lessons, not the 
least valuable and far reaching of which is the apprecia- 
tion of cleanliness and sanitation, which seems to be now 
becoming general even among the humblest. 
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CHAPTER IX. 



SEWERAGE OF CALUUTTA. 

Thb City of Calcutta is situated in the lower Gangetic 
delta, on the east bank of the river Hoogli in latitude 
22^33' 47" N. and longitude 88°23' 34" E. The name Cal- 
cutta appears to have been corrupted from Kali, an abori- 
ginal Hindu goddess. 

The City was founded in 1690 by Job Chamock, a 
merchant of the East India Company, who, with hi? asso- 
ciates, considered the site suflBciently above the surrounding 
swamps to be suitable for a settlement. The visitors, 
anticipating trouble, soon built a fort named Fort William 
(in which was situated the historical Black Hole) to protect 
their property; and the present magnificent City 
•gradually developed round the site. No vestige of 
this fort now remains above ground. A new Fort William 
has been built further south; The "City" Port dues in 
the year 1700 w^re about Rs. 500. The value of its import 
and export " sea-borne foreign trade " in 1900-1901 
amounted to 3,179 lakhs and 5,400 lakhs of rupees respec- 
tively. Its revenue in 1694 was Rs. 900 ; it is now (1905) 
nearly 69 lakhs. 

In 1727 a Corporation of nine Aldermen and a Mayor 
was appointed to look after the Municipal affairs of the 
Settlement, but appears to have done little for its sanita- 
tion, for in 1870 we are told that Calcutta was little better 
than an undrained swamp with filthy roads and streets, 
and with drains and ditches reeking with putrifying matter. 
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Between 1794 and 1836 it was the custom to raise 
funds for the improvements of the town by means of 
lotteries, 10 to 12 per cent, of the amount collected being 
retained for improvement works and expenses, the rest 
being distributed in prizes. From 20 to 30 lakhs of rupees 
were obtained in this manner. New roads were constructed 
from the north to the south of the City and from the east 
to the west, until in 1836 the total length of roads reached 
170 miles. A Pumping Station was built at Chandpal 
Ghat on the bank of the Hoogli, and the unfiltered river 
water was pumped and conveyed by means of conduit? 
along the side of some of the metalled roads for road 
watering. Several large squares were laid out with tanks 
in the centre, many of the streets were lighted with oil 
lamps, and open drains were improved. In 1836 the lot- 
teries were abolished owing to the force of public opinion 
in England. There are now over 270 miles of metalled 
streets and roads lighted with about 7,000 gas lamps and 
2,300 oil lamps. 

About 1866 the authorities appear to have awalfened 
to a sense of their duties, and took steps to provide the City 
with a pure water supply and a proper system of under- 
ground drainage. The water had previously been obtained 
from the river opposite the City and from wells and tanks, 
the inhabitants storing the water in chattis and precipi- 
tating the suspended matter by the aid of alum. The foul 
drainage passed away in filthy open drains. 

The Justices of the period were by Acts passed in 1866 
required to carry out complete systems of pure water supply 
and drainage, and were empowered to levy rates and borrow 
money for such works. Schemes for both works were 
prepared and approved with little delay. The water 
supply was obtained by pumping from the river at Pulta 
20 miles above Calcutta, where the water was free from 
salt and possible pollution from the sewage of the City. 
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The supply commenced in 1870 at 6,000,000 gallons per 
day, equivalent to 16 gallons per head of the population, 
which appears to have been about 400,000 at that time. 
The water was pumped from the river into settling ponds 
filtered, and brought by gravitation through a 42" cast 
iron main, 12 miles, to a reservoir in the City, from which 
it was distributed through branch cast iron pipes along 
the principal streets. Cast iron pipes were also laid for 
the distribution of unfiltered water from the City Pumping 
Station (since dismantled) at Chandpal Ghat. The filtered 
and unfiltered water supplies have been gradually extended 
to the conditions which obtain at the presenJ day, the 
former now amounting to 20,600,000 gallons per day to a 
population of 960,000 which includes the supply to small 
areas outside the Municipality, the latter 16,600,000 gallons 
per day to a population of about 740,000 persons. 

The geological formation of the site of Calcutta for a 
depth of 26 to 30 feet is loam, sandy clay, and clay ; a peat 
bed of about 18 inches can be struck at varying depths of 
20 to 30 feet below the surface. A boring has been made 
to a depth of nearly 600 feet, but no rock was met with; 
sand and pebbles were struck at about 200, 300 and 400 
feet, and peat beds at 30 and 300 feet below the surface. 
The absence of marine fossils shows that the strata denote 
deposits of fresh water, while the peat beds would indicate 
former land surfaces. 

The surface is practically flat inclining from West to 
East with a slope of about 1 in 1,000. The area at present 
within the jurisdiction of the Municipality extends roughly 
north and south about 7 miles. The area of the City 
including the canal fringe is 4,237 acres; and that of the 
City, Port William, Maidan, and added areas 13,237 acres. 
The population in 1901 of the City including the Canal 
fringe was 688*000 and that of the City and added areas 
848,000. 
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The original sewerage project for the City proper was 
designed by Mr. Clarke in 1857; it was commenced in 1869. 
Brick egg-shaped sewers were built under the main streets, 
stoneware pipe sewers in lanes and alleys. By 1875, 35 
miles of brick and 37 miles of pipe sewers were constructed. 
The sewers gravitated to a Pumping Station at Palmer's 
Bridge, where the sewage was lifted about 10 feet to a high 
level sewer by which it was conveyed about 8,000 feet to 
the " Salt Lakes" (swamps to the east of Calcutta). The 
greater part of the storm water was discharged by storm 
reliefs into the Circular Canal. The Local Government 
subsequently objected to the storm water being any 
longer discharged into this canal, and in 1882 the 
Municipality was compelled to construct an intercepting 
sewer for the purpose of collecting the storm-water, and 
discharging it to an open cut at Palmer's Bridge. This 
open cut conveyed the storm water from the main outfall 
and intercepting sewers to the Makalpotta Reflux gates, 
through which it passed to the Bhidiadhurry river. 

By 1884 the old project and drainage of the City 
proper was practically completed, and had cost 95 lakhs 
of rupees. 

In 1888 the area of Calcutta was augmented consi- 
derably by the addition of the Fringe, and Suburban, 
generally known as the Added, Areas. It then became 
necessary to prepare drainage projects for dealing with 
these extensions, and altering the City outfalls to meet 
future requirements. 

Projects were formulated by the Municipal Engineers, 
and Mr. Baldwin Latham was asked to give his advice. 
He visited Calcutta and, " inter alia," pointed out serious 
defects in the old city system of sewers in cases where 
the branches join the mains "invert to invert," with the 
result that the free sewage flow from the branches in- such 
cases is retarded and silt deposit takes place, which has 
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to be removed by hand at considerable expense. His 
recommendation with regard to the alignments and sizes of 
sewers for the new project was not adopted, although his 
advice generally was greatly appreciated. The counsel of 
the Municipal Engineers prevailed with the Corporation 
and the works estimated to cost about 68 lakhs of rupees 
were placed in the hands of the Contractors in 1897. 

Through certain informalities, the works were sus- 
pended under the orders of the Government in 1900. Fresh 
plans of the scheme were prepared and submitted to Mr. 
Latham again for his report in 1901. His report had the 
effect of causing a large part of the project not already 
executed to be considerably modified, and the scheme in its 
modified form is now rapidly approaching completion. 

The Calcutta drainage system (old and new) of the 
present day, as completed or being carried out, is roughly 
represented on the accompanying plan, Plate No. 67, and 
briefly described in the following notes. Only the main 
collecting sewers of the City area are shewn and are 
indicated by black lines. 

The whole of the City sewers gravitate to the 
Pumping Station at Palmer's Bridge. This Pumping 
Station has been practically reconstructed under the 
new project and two out of the three old horizontal 
centrifugal pumps of the original station have been 
replaced by five Compound Vertical Inverted Jet 
Condensing Centrifugal Engines of about 100 L.H.P. 
The pumps with 136 revolutions per minute are each 
capable of lifting 2,100 cubic feet per minute through a 
height Gift and force) of 16 feet through the Town High 
Level Sewer. They shew an efficiency of 63 per cent. 
The suctions have no foot valves, the pumps are charged 
by steam ejectors in the pump casings ; there are no valv^js 
in the pumps except a sluice valve on the delivery worked 
by a hydraulic pump. During the period these pumps 
have been in use, i.e., about 2 years, this installation, which 
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was supplied by Messrs. James Simpson & Co., has proved 
to be most suitable for pumping sewageu 

Three of the pumps are capable of dealing with the 
maximum sewage flow of about 6,880 eft. m. at present 
being directed to this station, taken at 10 c. ft. per min. 
per 1,000 of the population of the area to be drained, 4,237 
acres. The balance of power will deal with flush water 
and future increase. The summits of the main sewers are 
carried to the banks of the Hooghli where penstocks are 
fixed for the purpose of periodical flushing, t.^., two or 
tnree days in every fortnight, when the height of the tides 
admits of this being done. 

There are silt pits at Palmer's Bridge with wrought 
iron bar screens, IJ spaces, to intercept matters that are 
inadvisable to pass to the sumps. Tiie sewers are said 
to be capable of taking J inch of rainfall per hour from the 
area drained and consequently discharge on the combined 
system. When the storm-water overcomes the capacity of 
the pumps or rises to a level above which the outfall sewers 
are likely to become surcharged, penstocks at Palmer's 
Bridge are opened, and the storm-water flows to a Storm 
Water Head Cut and Eeservoir, recently excavated through 
the Salt Lakes, 4^ miles long and 100 to 700 feet wide, 
having a capacity of 62 million cubic feet, and capable of 
storing J-inch of rainfall per hour from the City area 
throughout the duration of the most inconvenient interval 
between tides in the Bhidiadhurry River, which was found 
by tide gauges to be 8J hours. At the two outlets of the 
reservoirs, sluices, fitted with Stoney's Roller Gates, have 
been erected to prevent the influx of river water, and admit 
of the contents of the reservior being discharged through 
4J hours of the ebb-tide ; the Makalpotta Sluice, which has 
replaced the old reflux gates, has three gates, 14 feet widf 
and 17 feet high, and the Byntolla Sluice 6 gates, 16 feet 
wide and 19 feet high. The depth of wator to which the 
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above quantity is estimated to rise over the sills of the 
Byntolla Sluice on the inside is 11 feet 6 inches. The 
river water on the outside rises to 17 feet above the sill. 

A new high level sewer, 8 feet in diameter, capable of 
discharging 15,000 cubic feet per minute, has been con- 
structed from Palmer's Bridge to what is known as Point 
A, where, with the discharge of the suburban system, the 
City sewage will flow along an open V-shaped concreted 
channel to the Suburban Storm-water Eeservoir, finallj'^ 
discharging into the Bhidiadhurry river through the 
Suburban storm-water Reservoir and Sluice. Beflux gates 
are erected at the head of this Eeservoir to prevent the 
sewage backing towards the City. 

The Suburban Sewerage System now being carried out 
at a cost of some 46 lakhs, out of the budgeted 68 lakhs of 
rupees, and the new outfall works are shewn in red in the 
accompanying plan. The Main Sewer No. 1, draining 2,616 
acres, is capable at its outfall of discharging 8,900 cubic 
feet equivalent to a maximum average sewage flow of 1,268 
cubic feetiper minute or 10 cubic feet per minute per 1,000 of 
the estimated future population of 125,800 taken as fifty per 
acre (the last census return for the area 33, plus 60 per 
cent increase), with a velocity of 2 J to 2} feet per second 
and also 7,642 cubic feet per minute or say 3 cubic feet 
per minute of rainfall per acre of the area drained. The 
sewers of the higher district will gravitate to the Budge 
Budge Road Steam Power Pumping Station, where both 
sewage and rainfall together will be lifted 13 feet by two 
centrifugal and two direct acting horizontal plunger pumps 
of a total of 64 P. H. P. The discharge will pass along 
a high level surface sewer to the Tolly's Nullah tidal chan- 
nel, under which it is proposed to syphon it through two 
30-inch diameter steel tubes laid through the bed of the 
nullah. The sewer then continues eastward to deliver the 
above quantities to the silt pits at Ballygunge Pumping 
Station. 
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Main Sewer No. 2, which near its outfall also takes the 
discharge of main sewers 4 and 6, was modified after 1901, 
and provides for the discharge of 10 cubic feet per minute 
per 1,000 of the future estimated population, plus twice that 
quantity of rainfall, or one-third sewage and two-thirds 
rainfall, from an area of 1,406 acres. The velocity of the 
maximum future sewage flow is estimated to range between 
2J to 2J feet per second in the main sewers and between 
2^ to 3 feet per second in the branch sewers. When the 
sewers flow full, the velocity will be increased about 11 per 
cent. The future population is taken at tiio last census rate 
for the district drained, of 60 per acre plus 50 per cent, 
increase, or 90 per aero and the rainfall is estimated at 
J of an iuch per day over 1,406 acres. The full bore capa- 
city of the sewer is estimated at 1,263 cubic feet per minute 
of sewage, plus 2,540 rainfall, or 3,806 cubic feet per 
minute, ' which will discharge into the silt pits at Bally- 
gunge Pumping Station. The branch sewers of both mains 
range between 24 inches to 6 inches in diameter, and at 
the summits (generally 9-inch, 8-inch or 6-inch sewers) is 
a Miller's Automatic Flushing Chamber. 

The Ballygunge Pumping Station will be provided 
with four Tang^'e's Coupled Conjpound Surface Condensing 
Centrifugal Side Suction Pumping Engines, each capable 
of raising through a height of 18 feet, 1,760 cubic feet per 
minute, or through a height of 10 feet 6 inches, 3,200 cubic 
feet per minute ; the plant has been so arranged that the 
maximum sewage discharge from main sewers 1 and 2 can 
be raised 18 feet to a high level sewer; or that the full dis- 
charge of these sewers in times of rainfall can be pumped 
through a lower lift of 10 feet 6 inches direct into the 
Suburban Storm-water Head Cut, by which it will flow to 
the storm-water reservoir and be discharged through the 
Suburban Sluice Gates to the Bhidiadhurry river. 

The high level sewer will deliver the sewage at Point A, 
where with the City sewage it will continue in the combined 
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sewage channel to the Suburban Storm-water Eeservoir and 
pass out into the river through the Suburban Byntolla 
Sluice, which is a sluice of 3 bays fitted with Stoney's 
EoUer Gates of a similar design to those of the Byntolla 
Town Sluice. 

The sewers, as will be seen from the above, take only 
a small proportion of rainfall. It is proposed to make 
provision for the disposal of storm-water from the suburbs 
by means of surface drains to discharge into the Subur- 
ban Head Cut. 

For temporarily dealing with the undeveloped and 
poorer areas, Pail Depots, Public Latrines, and Bathing 
Platforms connected with the sewers are provided at vari- 
ous points of the City and Suburbs. Night-soil is collected 
from these areas and conveyed in buckets or carts to the 
Pail Depots. Other properties have either modem fittings 
or various types of Eastern semitary fittings and are con- 
nected direct with the sewers. 

Water from the streets in which sewers exist is carried 
off through gullies of the usual type. 

The Author is much indebted to Mr. J. Ball Hill, 
A.M.Inst.C.E., for the above account. 
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SEWERAGE OF KARACHL 

Kabachi is the capital, chief port, and military head- 
quarters of Sind, and is situated some 500 miles to the 
north of Bombay City. The population, according to the 
Census of 1901, was 116,663, tjhe Mahomedans largely 
outnumbering those of any other race. 

Karachi has a Municipality with an annual income 
of 12 lakhs of rupees. 

The water-supply is derived from wells which tap the 
subterranean beds of the River Lyari, about 18 miles from 
Karachi. Prom this source about 2,000,000 gallons of 
water a day are derived. The native city is drained on 
Shone's Hydro-Pneumatic Ejector System, which was de- 
signed and completed in September, 1906, By Mr. James 
Strachan, C.I.E., then Engineer to the Municipality. 

Plate 68 shews the position of the existing ejectors and 
sewers in full black lines and the proposed extension of the 
sewerage system (referred to lat^r on) in dotted lines. The 
area at present sewered is about 17B acres and contains, 
according to the Census of 1901, a population of 27,128. 
The cost of the work amounted to Rs. 6,97,000, which is 
equivalent to Rs. 21-10-3 per head of population. 

The subsoil of Karachi is of a sandy nature, largely 
impregnated with brackish water, for which reason all 
the ejectors are placed in chambers of cast iron tubbing. 
This tubbing is made of cast iron flanged plates, IJ inches 
thick, built up in sections. Access is obtained to the ejec- 
tors from the road by means of a circular cast iron shaft, 
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in which a wrought iron ladder is fixed. The joints of all 
the tubbing plates were carefully planed and fitted to- 
gether before being finally erected, to ensure their being 
water-tight. Strips of sheet lead were laid between the 
plates, which were then screwed tight, the joints being 
finally caulked. This arrangement has proved satisfac- 
tory and the ejector chambers are perfectly water-tight. 
The ejector stations are six in number and the ejectors are 
fixed in pairs in each station, each being capable of dis- 
charging 200 gallons. These, as well as the tubbing, were 
supplied by Messrs. Hughes and Lancaster of England, 
whose Vork has stood the test of time satisfactorily. The 
sealed sewage and air mains were provided and laid by the 
same firm. The air mains were tested to maintain a pres- 
sure of 661bs. per square inch during a period of two hours. 
The gravitating sewers, owing to the nature of the sub-soil, 
were laid partly with cast-iron pipes and partly with glazed 
stoneware pipes ; the former being used wherever excessive 
water was met with in the excavation. The gradients for 
the pipe sewers vary from 1 in 80 to 1 in IBO. The usual 
manholes and flush-tank arrangements have been provided, 
all manholes over 7 feet in depth being circular in shape 
and built of cement concrete rings, with the exception of 
five joining the ejectors, which are of cement brick-work. 

Plate 69 shews the details of a concrete manhole as 
constructed in Karachi. The construction is well 
suited to a saturated sandy soil. The cement con^ 
Crete was composed of IB parts of broken stone, 10 parts 
of clean river sand, and 3J parts of Portland cement. 
These manholes, which the Author inspected in April 1905, 
and which had been built nearly ten years, shewed no signs 
of wear and seemed in excellent condition. 

At the head of each line of gravitating sewer, there is 
a flush tank fitted with an automatic siphon and connected 
by a service pipe to the nearest water main. The flurii 
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tanks are of various capacities from 200 gallons down- 
wards. 

The sewers are ventilated on Shone and Ault's System 
of utilizing the exhaust air of the ejectors, which is dis- 
charged up a shaft, also connected with the sewer. This 
system is fully described in the earlier part of this book. 

The air-compressing machinery was supplied by 
Messrs. Hughes and Lancaster and comprises two engines 
of about 26 Indicated Horse-Power, each capable of com- 
pressing sufficient air to deliver 375 gallons of sewage per 
minute from the six ejectors. The lift, including friction, 
does not exceed 130 ft., and the actual working lift, exclu- 
sive of friction, does not exceed 51 feet. The two boilers 
are of the type known as "dryback" tubular boilers. 
Each boiler Ui capable of supplying sufficient steam at 
120 lbs. per square inch pressure to work one of the air 
compressing enginea. 

Plate 70 shews a Night-soil Depot in use at Karachi. 
It consists of a paved space, 50 feet square, on the centre of 
which the night-soil carts discharge their contents. This 
paved space slopes to two open chambers, in which are 
fixed gratings to intercept rags and stones. Each chamber 
is connected by a 6-inch pipe to a 6-inch pipe drain, con- 
nected in its turn with a pipe sewer. There is not much 
to be said for the arrangement from a sanitary point of 
view, as the night-soil is spread over a large area instead 
of discharging directly into the chambers provided for 
that purpose. The night-soil depots in use in Bombay, 
of which a plan is given earlier in this book, are much 
more sanitary than those at Karachi. 

The whole sewage of Karachi is disposed of on a 
sewage farm, the location of which is shewn on Plate 68. 
The sewage is pumped through a 12-inch sealed sewage 
main to a raised masonry tank at the farm, through which 
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it passes by gravitation . to the different plots. About 
500,000 gallons of sewage are discharged daily on to the 
70 acres of ground at present under cultivation. The 
sewage is used in its crude state, and, though purely 
domestic, is strong and arrives at the farm in a highly 
putrescent condition. The soil of the farm is light and 
sandy, and to this must be attributed the fact that any 
success whatever has attended the use of crude sewage. 
During the year ending 31st March, 1906, the profits 
derived from the farm amounted to Rs. 2,029, which is 
extremely satisfactory; for on no other farm knowrf to 
the Author has crude sewage been used continuously for 
a decade with any success. Most of the ordinary fodder 
crops are grown, such as Makai or Indian com, Jowari, 
red and white. Lucerne, Hariali grass, Guinea grass, Sugar- 
cane, and various kinds of English vegetables. Wheat 
has also been grown, but with no conspicuous success. 
Groundnuts and cotton give great promise. It is doubtful 
whether, even with such a fine soil as exists on this farm, 
the discharge of sewage without biological treatment can 
be indefinitely continued. 

A large number of houses in the native city are now 
connected to the main sewers. These connections are 
simple in kind and consist of 4-inch stoneware pipes on 
which a running siphon is fixed just outside the premises. 
The 4-inch house connection pipe is connected with the 
sewer by means of an ordinary junction pipe. 

Several public latrines of a simple kind and on the 
water carriage system exist in parts of the City, and when 
seen by the Author were working satisfactorily. 

In October,- 1901, Mr. J. Forrest Brunton, M.Inst.C.ii:., 
who succeeded Mr. J. Strachan, C.I.E., on his retirement 
as Chief Officer and Municipal Engineer, called the atten- 
tion of the Corporation to the fact that for some time the 
drainage system 'had been giving a good deal of trouble 
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and that there was a constant overflow of sewage iiGm man- 
holes, etc^ The cause of this, as pomted out by Mr. 
Brunton, was that the sealed sewage mains were of too 
small a diameter, and that therefore the engines and ejec- 
tors were not used to their full capacity. In consequence 
of the trouble, Mr. Brunton made a series of experiment^ 
on the eflBiciency of the Shone System, and he has recorded 
in his report, dated October, 1901, that the average effi- 
ciency of the system at that time was 0-182, this being 
the average of three trials. He also reports that the effi- 
ciency of the engines and compressors worked out to -860. 
This latter result is undoubtedly good. Mr. Brunton also 
works out very carefully the theoretical efficiency of the 
system at 0*340. The difference between that and 0*182, 
viz., 0*168, is due in his opinion to avoidable waste. 

Mr. Brunton further states that the losses inevitable 
to this system of drainage are (1) loss due to the friction of 
the mechanism of engines and compressor; (2) loss due to 
the unnecessary heating of air during compression ; (3) loss 
due to clearance in the compressor ; (4) loss due to leakage 
in the air mains; (6) loss due to leakage at ejectors; (6) 
loss due to the impossibility of working air expansively in 
the ejectors. 

Mr. Brunton concludes this interesting report by stating 
that the practical results were (1) that too much coal was 
being burnt, and that this might be remedied by substitut- 
ing a Cornish or Lancashire boiler for the present type, and 
(2) that much more air was being used than the sewage 
discharge warranted. 

In the spring of 1902, the Corporation decided to depute 
Mr. Brunton to Bombay to see the Shone System at work 
in that City and confer with the Author regarding the 
extension of the Karachi drainage. This proposed exten- 
sion of the drainage, which has now been sanctioned by 
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Government, is shown on Plate 68 in dotted lines. An 
allowance of 20 gallons of sewage per day per head of popu- 
lation has been taken as a basis of calculation. 

For the extension of the drainage, Mr. Brunton makes 
four proposals, the estimates for which vary from Es. 
9,76,000 to Rs. 13,26,000. Of these four, he recommends 
No. 3, the estimate for which amounts to Rs. 11,20,000. 
The ejectors and sealed sewage mains required for this 
scheme are shown on Plate 68. Briefly, it provides for 
ejector stations, each containing two ejectors of 200 gallons 
capacity, except in one instance, where the ejectors are to be 
of 1,200 gallons each, together with sealed sewage and air 
mains, gravitating sewers, night-soil depots, and engines 
and boilers with the necessary buildings. The extension 
scheme having been sanctioned, a loan is to be raised for a 
part of the work, which will shortly be commenced. 

In the spring of 1904, Mr. Brunton Wrote a paper en- 
titled " Notes on the working of the Shone System of Sewer- 
age at Karachi" for the Institution of Civil Engineers. 
This paper deals with some recent experiments made to 
ascertain the efficiency of the system. The average effici- 
ency, based on 6 observations, was ascertained to be 0*336, 
but the actual working efficiency was only 0-263. This 
result is rather better than that obtained at Colaba in 
Bombay some few years ago, where the average efficiency 
was shown to be 0-226. 

The Author is much indebted to Dr. S. M. Kaka, D.Ph., 
the Health Officer and Acting Chief OBcer, and to Mr. 
Beaumont, the Chairman of the Committee of the Karachi 
Municipality, for their courtesy in placing all information 
regarding the drainage at his disposal, and for their kind 
attention during his visit to Karachi in 1906. 



Digitized by 



Google 



CHAPTER XI. 



SEWERAGE OF RANGOON. 

Rangoon is remarkable for being the first city in the 
East to establish the Shone Hydro-Pneumatic Ejector 
System of Sewerage. It is the capital of Burma and has 
a population of 240,000. The water-supply is derived from 
the Hlwaga Water Scheme, and is equal to 40 gallons per 
head of population per diem. 

The works for the sewerage of Rangoon, on the Shone 
Hydro-Pneumatic System, were commenced in February, 
1888, and were wholly completed during that and the fol- 
lowing year. The first portion of the new system com- 
menced working on the 10th August, 1889, and consisted 
of the drainage of certain blocks or districts. Other blocks 
were added from time to time. 

The Shone System of drainage was, after considerable 
enquiry, applied as being the best suited to Rangoon's re- 
quirements. Previous to 1874, no attempt was made to 
deal with the excreta of the population, cess-pools were 
everywhere allowed, and the well-water, then the only 
water available, became fearfully polluted as the soil of 
the City became more and more honeycombed with cess- 
pools. Cholera and small-pox became practically en- 
demic. In 1873-74 the authorities were forced to close the 
cess-pools in the town. Houses were provided with latrines, 
from which scavengers removed the filth during the night, 
conveying it in carts to jetties above and below the town, 
where it was thrown into the river at all states of the tide. 
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This primitive system had been condemned for years, and 
a Committee was appointed in 1881 to make proposals for 
draining the City. They decided upon a system of gravi- 
tating sewers; but no detailed estimate of the cost of the 
scheme was ever drawn up, and neither surveys nor borings 
were undertaken, for it was felt that a gravitating sys- 
tem of drainage for a perfectly flat, tide-locked city like 
Rangoon, could not under any circumstances be recom- 
mended on sanitary grounds, while the nature of the sub- 
soil seemed likely to militate against its construction. 
Moreover, the combined system was deemed impossible in 
Eangoon with its heavy rainfall. The Municipal Com- 
mittee deputed Mr. Clark, who was in England in 1884, to 
examine drairiage works, to report upon the system most 
suitable for Rangoon, in consultation with those who had 
made a special study of drainage problems. Mr. Clark 
recommended the Shone System, which had proved highly 
successful in many places; and the Committee asked for 
a detailed project and estimate for the drainage of Ran- 
goon on this system. The project was drawn up by Messrs. 
Shone and Ault, C.E., of Westminster, and Mr. Clark, and 
the Committee decided to adopt it, subject to the orders 
of the Local Government. The Local (iovemment there- 
upon appointed a very strong Committee to investigate 
and report upon the project, and as this Committee's report 
was entirely favourable, the Government of India sanc- 
tioned a loan of 23 lakhs of rupees for carrying out the 
work. 

The estimate of the cost of the work amounted to 
£188,633, and the Committee appointed by the Chief Com- 
missioner reported that this estimate could be reduced to 
£174,721 by eliminating a portion of the proposed work, 
which sum at an exchange of 1/6J would equal to Rs. 
22,67,000. The loan sanctioned amounted to 23 lakhs of 
rupees, but it was found necessary to borrow another 7 
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lakhs to complete the scheme, as the work cost £174,695, 
and the average rate of exchange, at which the Committee 
had to pay, was 1/4 ^| instead of 1/6}, and also because 
the loan of 23 lakhs was taken at Ba. 91-10-8 per cent., so 
that only Rs. 21,08,333 were received for it. 

Plate 71 shews the sewage mains, air mains, gravi- 
tating sewers, ejector stations, night-soil depots and flush 
tanks ; and the following brief remarks will help to explain 
the Hydro-Pneumatic System as applied to Eangoon. 

Eangoon had previously possessed a system of removal 
of some portion of its sewage, the excreta only, which if 
not absolutely dangerous, was a fertile source of nuisance. 
Moreover, it allowed sullage and all filtt, not actually de- 
posited in latrines, to saturate the soil, trickle into road- 
side drains and to ferment and load the air with abomin- 
able stenches. The Committee realized that, to remove sew- 
age effectively and in accordance with sanitary laws, the 
drains would require a gradient greater than could be 
obtained in Rangoon. They therefore adopted the Shone 
System, as it obviates this difficulty, and allows of all 
drains being laid at such an inclination that sewage is 
rapidly removed, before it can become a nuisance or danger 
to health. 

The portion of Rangoon drained on the Shone System 
is divided into 22 blocks ; and between every two lines 
of houses there is a space of 16 feet left for drainage pur- 
poses. In these spaces, 6-inch gravitating sewers have 
been laid at steep inclinations, none being flatter than 1 in 
200. Each block is provided with Shone's automatic ejec- 
tors, into which the sewage flows by gravitation. The ejec- 
tors, which are in duplicate, each being of 200 gallons capa- 
city, are fixed in iron tubbings at levels below the ground 
to suit the levels of the blocks from which they receive 
the sewage; and these ejectors, when full, automatically 
discharge the sewage into the mains. The sewage is 
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ejected into the mains from the ejectors by compressed air, 
which is supplied from the air-compressing station to small 
cast-iron pipes, which are connected with the ejectors by 
automatic valves. 

The sewage mains are cast-iron pipes, varying in size 
from 6 inches at the extreme west of the town to 21 inches 
from the oast of the town to the outfall near the Arracan 
Company's Mill, the sewage being ejected info the river 
below low water mark at a spot, where the set of the current 
is against the bank at all stages of the tide. By this 
arrangement, the sewage is immediately dissipated and 
does not accumulate. 

At the end of each drainage space is an automatic 
flushing tank ; and in the centre of each of these spaces 
a night-soil depot was at first fixed. The flush tanks, which 
are of 200 gallons capacity, are placed at the head of each 
gravitating sewer and can be regulated to discharge as 
often as necessary. The night-soil depots were the neces- 
sary evils, until the houses were connected with the sewers. 
They are now done away with. 

The air for working the sewage and water ejectors 
is compressed at a station in the eastern portion of the 
town and is laid on to the ejectors through pipes varying 
in size from 2J inches to 10 inches. The air is compressed 
by means of triple-expansion, non-condensing engines, 
working with steam pressure of 160 lbs. per square inch 
above atmosphere. There are now five sets of engines ; 
but no more than three work together. Each set of engines 
has three air-compressing cylinders and the compressed 
air is stored in two air receivers, each being eight feet in 
diameter and twenty-four feet long. The cost of working 
the engines has been considerably reduced since they 
started. 
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The drainage plant at the Compressor Station^consists 
of— 

Five complete sets of steam engines and air compres- 
sors, each able to work up to 90 indicated horse- 
power. 

Five Lancashire Steam Boilers, each of 75 nominal 

horse-power. 
Two Green's Economisers. 
Two Atkinson's Feed Water Heaters. 
Four Donkey Feed Pumps. 
Two Ciiropressed Air Rocoivers. 
The length of the mains and sewers is as follows: — 
Sbwagb Mains-* 

21-inch 

18 



16 
14 
12 
9 
8 
7 
6 



Gravitating Sexcers- 
6-inch . 



3,682 yards 


814 „ 


201 


tJ 


791 


» 


438 


r> 


sm 


n 


218J 


. 


4,492§ 


> 


3,104^ 


> 



. . . 38,610 yards, or nearly 22 
miles of gravitating sewers. 
Air Mains for Sbwaob Ejbotorb — 

10-inch 140J yards 

7 „ 313 „ 

6 „ 1,747 „ 

4 „ 1,B60 „ 

3 , 4,463 „ 

In September 1906, Mr. Edwin Ault, C.E., of the firm 
of Messrs. Shone and Ault, visited Rangoon, at the request 
of the Municipality, for the purpose of examining the sewer- 
age system of the City as detailed in the earlier part of 
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this chapter and of advising upon improvements. By the 
end of October of the same year Mr. Ault reported that the 
present problem regarding the quantity of sewage to be 
expected from the are^ of Rangoon Town proper, was far 
more complicated than when the original project for the 
sewerage of the town was submitted in 1885 and carried out 
in 1887-1890. He gives the following figures of population 
at the Censu£t of 1901 as being likely to aid one to realize 
the factors of the present problem: — 



District. 


No. of 

ocoapied 

bouBes. 


Popnlation. 


No. of 

per»onB per 

bonse. 


Ubbam— 

Lammadaw 

Tarkotao 

N.-W. Town 

^^.-w. „ 

N.-E. „ 

8.-E- u 

Eoongyan 


2,120 
2,4P7 
3,280 
1,699 
1,423 
1,934 
1,311 


17,004 

18,089 

9,834 

7,867 

13,090 

7,916 


6-6 
6-8 
6-5 
6-8 
5-6 
6-8 
6-0 


Total 


14,264 


87,532 


6-14 


Urban^ 

Tegyaw 

Boiatanng 


1,863 
3,016 


11,411 
14,817 


6-1 

4-9 


Total . . 


4,879 
19,133 


2B,228 


6-4 


Total Urban ... 


113,760 


5-94 
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Disttiot. 


No. of 

oeoopied 

boQsef. 


Popolation, 


N0.0C 
persons per 

hOQW. 


Suburban-- 








N. KemoMiidino . . . . 


2^17 


15,052 


5-3 


8. „ ... 


3,953 


21,945 


5-6 


Theinbyu . . . . 


5.751 


26,173 


4-6 


Tamway . . . 


3442 


23,119 


7-4 


Total Suburban ... 


15.663 


86,289 


5-51 


Total Suburban and Urban. 


34,796 


200,049 


5-75 


Bangoon Port . . . 


1,303 


10,641 


8-3 


„ Cantooment . . 


1,436 


13,721 


9-5 


Total ... 


2,738 


24,362 


8-89 


Bangoon City, North of 
River 


87,534 


224,411 


5-98 


DaUah 


1,674 


10,470 


6-3 


TOTAL RANGOON CITY.. 


39,208 


234,881 


5-99 



The first totala refer to the region called " West Ean- 
goon," which comprises the area to which the original 
sewerage project applied, and shews a population in 1901 
more than double that anticipated by the Municipal Engi- 
neer in 188B. The second totals refer to " East Rangoon " 
or the part of the town which extends eastwards from 
Judah Ezekiel Street. The other figures are added princi- 
pally to shew the same final figures as appear in the 
Census table. 

Referring to the West Rangoon figures, it will be 
observed that the " N.-E. Town " has a population of 7,867 
at the Census of 1901. This area comprises Block E 2 
and E 3, and the figures give a density of 198 persons per 
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acre including the area of the streets. As there were con- 
stant overflows at the manholes on the sewers serving 
Block E 3, Mr. Ault paid particular attention to this area, 
and the Municipal Secretary arranged to enumerate the 
population residing there on the 8th October. His enu- 
meration showed 6,241 perscais. This gives a density of 
31B persons per acre or an increase in 3J years of B9 -1 per 
cent, on the density of N.-E. Town. Mr. Ault states that no 
portion of London of equal area possesses so great a density 
of population. The growth is remarkable, and has not yet 
reached the full limit ; for, to quote the Secretary's words, 
" There is likely to be a considerable increase in the popu- 
lation shortly in Block E 3, as several large tenement 
houses are in course of construction. As you are aware of 
course, there is a very considerable growth of population 
throughout the City area, probably not so great as in E 3, 
but still sufficiently apparent to make it necessary to form 
liberal ideas of what will be required from the sewerage 
works in the near future." 



On examining the working of No. 17 Ejector Station 
(the one which is connected with Block E 3), Mr. Ault 
formed the opinion that a far larger quantity per head of 
sewage was flowing thereto than was ever contemplated 
in the original project or than was contemplated by 
the Hlawaga Water Scheme; and, besides having the 
population counted, he several times investigated the rate 
at which the ejectors were discharging. On the Bth Octo- 
ber he found that from 7-12 to 7-B7 a.m. there. were 68 
discharges. This is equal to an hourly rate of 90} dis- 
charges or 90§x200^60=302 gallons per minute. On 
one occasion the discharges at this Station were espe- 
cially counted by picked men for 24 nours, the records 
shewing the number of discharges in every fifteen minutes. 
There were in all 1,061 discharges representing 212,200 
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gallons. The maximmn occurred from 8-0 to 8-12 a.m. 
when there were 22 discharges^ while between 8 a.ic and 
9 A.M. there were 78 discharges. Sewage was overflowing at 
the street manholes during maximum flow, and there were 
also overflows from many suUage trays, owing to the grids 
being obstructed by solids and also to the sewers being 
surcharged, so that the 212,200 gallons does not represent 
the total water-supply during 24 hours. It should cer- 
tainly be increased by 20 per cent. From the information 
so obtained the following figures are supplied: — 

212,200 



H,24l 



Water supplied 



Add 



Gross water supply . . 

Maximum rate of flow 
of sewage durbg 15 

minutes 22x200 

15 



Add . • . • 

Gross maximum flow . • 



Maximum rate of flow 
of sewage during one 

hour 78x200 

60 



= 34 gals, per head 
per day. 



6-8 



40-8 



do. 



293 gallons per 
minute. 



59 



852 



do. 



260 gallons per 
minute. 



Add 
G ross maximum flow 



• • • 



80% 



52 



312 



do. 
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liiniinnni rate of flow 
of sewage dnring one 



60 
Add ... . 20% 


100 
20 


gallons per 
m in ate. 


Gross miDimum flow . . 


120 


do. 


Mean rate of flow of 
sewage during 24 

hoars 1,061x200 

1,440 


= 147-4 


gallons per 
minate. 



Add 



20% 



29-5 



176-9 



do. 



Ratio of 
maximum 
mean flow 



flow to 



352 
176-9 



312 

176-9 



= 2:1 nearly. 



= 1-8:1 nearly. 



Ratio of I hour maxi- 
mam flow to mean 
flow 

Population which would 
give the volume of 
sewage recorded, as- 
suming 25 gallons per 
head per day . . . 212,200+20% ^ ^^ ^^^ 

The records, so far as regards the discharges of the 
ejectors throughout the town taken hourly for one week, 
were too doubtful to enable one to deduce any sound Kasis 
for guidance as to the work required to be done at each 

19 
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station. This may be accounted for in several ways, e.g.y 
temporary blockages self-removed, more serious blockages 
removed by rodding, the personnel of the enumerating staff. 
The counting was entrusted to coolies from whom the tallies 
were collected hourly; and, judging from the erratic curves 
on the diagrams made from the records, it must be assumed 
that the human element has interfered to such an extent 
as to make these particular records of no value. The 
hourly revolutions of the engines, taken from the mecha- 
nical counters attached thereto, are far more reliable. 
They are embodied in the following figures: — 

Total revolutions during the week . 1,549,674 
Mean hourly revolutions during 

the week 9,224 

Maximimi revolution in any one 

hour (this was subsequent to 

heavy rain) 13,084 1:1-42 

Minimum revolutions in any one 

hour 5,606 1:0-61 

Mean maximum hourly revolu- 
tions during the week . . . 11,362 1:1-23 

Mean minimum hourly revolutions 

during the week 7,102 1:0-77 

The 13,084 revolutions were recorded for the hour 
8 to 9 P.M., on the 2l8t September last and the mean 
revolutions for that hour during the week were 11,352, 
so that the excess of work due to rain was apparently 
13,084— 11,352 -^ll,362xl00=about 15} per cent. It appears 
that rain water falling on 10 per cent, of the houses in the 
town finds its way into the sewers to a greater or lesser 
extent. This was never contemplated in the original 
project, nor has it been so since as evidenced by the Muni- 
cipal Bye-Laws. The effect of allowing such rain water 
into the sewerage system is seen in the increased work of 
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the engines. As set forth before, it would be considered a 
sanitary arrangement to take into the sewers the washings 
and rain water falling on small cemented courts, with 
proper safeguards in the shape of fixed grids and traps to 
hold back silt ; but this is a very different matter to taking 
roof water and water from unpaved and non-waterproof 
surfaces. 

From the records of No. 17 ejector station it is clear 
that one must estimate the maximum rate of sewage flow 
to be dealt with by the ejectors at douole the mean flow 
for the day. The engine records prove that the general 
system must be capable of dealing with a maximum flow 
of IJ times the mean flow. The population figures corro- 
borate the belief that the town will increase very rapidly 
and the number of residents will have doubled at the 
Census of 1911. As regards the volume of sewage to be 
reckoned per head per day, it cannot be supposed that 
it is 41 gallons all over the town, as it is in Block E 3, 
otherwise the other ejector stations would have been over- 
powered. At the same time there is no doubt that, when 
the Hlwaga Water Scheme comes into full operation, the 
use of water will increase with the more plentiful supply, 
so that one should reckon not less than 30 gallons per head 
per day, and, to be on the safe side, 40 gallons per day 
in view of the admission of water from cemented courts. 

The town proper comprises the equivalent of 40 full 
sized blocks, omitting the Eailway land and the Dufferin 
Garden. Allowing an ultimate average population of 
6,000 per block, we get a total of 240,000 persons, which 
at 40 gallons per head gives a daily volume of 9,600,000 
gallons of sewage, and 9,600,000-^1,440=6,667 gallons of 
mean flow per minute. The maximum flow to the outfadl 
will be 6,667 by 1 -6=10,000 gallons per minute. Allowing 
3 feet velocity per second, this would require a pipe of 42-mch 
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diameter. The area of the present 21-inch main being 
deducted, it would leave an area equivalent to, say, a 
36 main, as the requisite under the given conditions. 

The average flow of sewage per block of 6,000 persons 
at 40 gallons per head per day equals 240,000 gallons per 
day or a mean flow of 167 gallons per minute and a 
maximum flow of 333 gallons per minute. There being 
six drainage spaces to a block, the average maximum flow 
from each would be about 55 gallons per minute. The 
6-inch sewers are ample for the drainage spaces, but the 
collecting sewers along the cross drainage spaces and to 
the street manhole adjoining the ejector station ought to be 
of 9-inch diameter. Such pipes should be laid in all new 
blocks and the present 6-inch collecting sewers be gradually 
replaced by 9-inch pipes, commencing with the more urgent 
cases. The discharge pipes from the ejector stations 
should be gradually changed at existing stations as 
urgency demands. 

In concluding his lengthy report, Mr. Ault makes the 
following proposals in their order of urgency: — 

All open sullage channels to be replaced by pipe 
drains and no more open sullage channels permitted 
to be laid. 

All private manholes to be built up to ground 
level and covered with stone slabs and iron manhole 
covers or to be replaced by iron pipes and inspection 
eyes. 

All sullage trays in future to be of an improved 
pattern and defective ones replaced. 

The cleaning of all sullage trays to be undertaken 
by the Conservancy Department. 

Inspection eyes to be made larger, stronger, and 
of a form most convenient for roddlng. Inspection 
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eyes to be surrounded by brick chambers covered with 
stone slabs or iron covers. 

Foundations of brickwork or concrete to be built 
to support fiullage trays, inspection eyes, soil and 
sullage pipes, etc. 

Relay sewers in certain places. Urgent as regards 
several blocks. 

Lay a new sewage main along Fraser Street, etc., 
and lay branch sewage mains from existing ejector 
stations thereto, as described. 

Relay part of existing 18 and 21-inch mains. 

Fit all ejectors with alternating valves. 

Provide spare parts to ejectors. 

Replace crank-shafts on Nos. 4 and 5 air com- 
pressors with new ones of stronger design. 

Improve the foundations of Nos. 4 and 6 engines 
to prevent movement of beds. 

Complete condenser plant to Nos. 4 and 6 engines 
and clear canal for water supply. 

Put down a new air compressor. 

Cover all steam heated surfaces at Compressor 
Station more effectually and proviSe spare parts to 
engines. 

Lay 10 and 7-inch air mains as regards West of 
Judah Ezekiel Street. 

Enlarge air branches to ejectors from 2 to 2^ 
inches diameter. 

Improve drainage spaces. 

Put down additional ejector station in Block E. 3. 

In a further report, dated 8th December, 1904, Mr. 
Aiilt summarises the cost of his proposals and divides them 
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as to their urgency, so as to foriori a programme for 
proceeding with the work: — 

J. — Works which are urgent and can be commenced 
immediately — 

Item ( a )— Laying down pipe 
drains in place 
of open sullage 
channels . . . Rs. 20,698 

lUm (6)— Building up pri- 
vate manholes or 
substituting 
pipes and in- 
specting eyes . „ 60,000 

Ea. 80,698 

B. — ^Works which are urgent and for which the mate- 
rial should be ordered — 

Item ( jr )— Relaying certain 
pipe sewers with 
larger pipes. 
The most urgent 
blocks requir- 
ing these are 
given in para. 
11 (13 blocks) Rs. 1,49,600 

Item (A) — New sewerage 

main and 

« branches — 

Municipal . Rs. 4,55,529 

T.L.R.D. . „ 10.266 

Rfi. 4,66,786 

Item (A) — Alternating valves^ 

to ejectors . . j 

Item (s) — Enlarging air)- „ 16,600 

branches to I 

ejectors . . .J 

Carried over...R8. 7,11,588 
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Brooght forward. ..Ra. 7^11,588 

Item (m) — Beplacing crank- 
shafts .... „ 7,500 

Item (;;)— New air com- 
pressor ... „ 1,04,818 

Item (r)— New air (oiains, 

Municipal . . „ 57,989 

Para. 30 — ^Venturi Meters 
measuring sew- 
age •.. . „ 13,000 



Rs. 8,94,386 



Of the above the following are either works on private 
property, or are renewals, !,<►., not strictly capital expen- 
diture or are on T. L. R. works: — 

Bs. 

Works on private property items (a) 

and W 80,698 

Renewals, item (w) 7,500 

T. L. R. works, part of item (h) . . 10,256 



Rs. 98,464 



This would leave a balance of urgent work, being 
Municipal Capital expenditure of (Rs. 8,94,385 — ^Rs. 98,454) 
=Rs. 7,96,931. 

C. — ^Works which are urgent but for which prices are 
not immediately available, and which should 
be undertaken as soon as prices are obtain- 
ed: — 
Item (c)— Purchase of 319 sullage trays ; 
Item ( I ) — ^Purchase of spare parts to ejectors ; 
Itetn ( ? )— Purchase of covering to steam heated sur- 
faces and provision of spare parts to 
engines. 
Para. 31. — Copper steam and feed piping and steam 
traps. 
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All these items should come under the head of re- 
newals and not of capital expenditure. 

Ik — Works which are not urgent but which should be 
carried out as the extension of the sewerage 
system, the making of house connections, or 
the improving of the Compressor Station 
demands: — 
Ilem (/) — Foundations to 
house connec- 
tion fittings. 
Item ( g ) — Relaying sewers 
with larger 
pipes. 
lUm (A) — Prospective sew- 
age mains — 
Municipal . . . Rs. 56,254 
T.L.R.W. . . „ 56,521 



Rs. 1,02,776 



Item ( I ) — Relaying 18 and 

21-inGh sewage 

mains. 
Item ( n )— Improving founda- 
tions of Nos. 4 

and 5 engines. 
Item (p) — New compressor 

to deal with the 

whole expected 

sewage as soon 

as old engines 

can be removed . Rs. 1,60,000 

Item (f) — Prospective ^r 
mains — 



Municipal . . Rs. :26,466 
T.L.R.W. . . „ ?9,260 



Rs. 76,726 
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As a large portion of item (r), especially on the Recla- 
mation works, will be required very shortly, it is advised 
that the whole of item (r), both "urgent" and "prospec- 
tive," be undertaken at the same time while the special 
gang and staff are on work, as the work on the jointing 
of air mains is more special than that on sewage or water 
mains and, when the workmen have been trained to their 
work, it would be wiser that they should be kept on for 
the whole of the air mains. 

The Author is much indebted to Mr. Edwin Ault, C.E., 
for the information contained in the above account. 
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CHAPTER XII. 



SEWERAGE OF SINGAPORE. 

SiNGAPORB is the principal commercial centre in the 
Straits Settlement and has a separate Colonial Government. 
It consists of an island, 27 miles long by about 14 miles 
broad, lying at the south end of the Malay Peninsula. 
Situated within l"" of the Equator, it possesses a very tem- 
perate climate, the annual range of temperature being be- 
tween 70° and 90° Fahrenheit. The annual rainfall mea- 
sures about 92 inches. Singapore has largely increased in 
size of late years, and now boasts of a population of 150,000. 

It has no regular system of sewers. The whole of the 
suUage from baths and kitchens is conveyed by open 
road-side drains, constructed along the sides of the streets, 
which ultimately discharge into the tidal river and the 
sea at various convenient points. These drains are cleansed 
and swept twice a day by Municipal coolies. 

The City is for the most part flat, and the lower 
portions are occasionally submerged by extraordinarily high 
spring tides. 

There are a number of public latrines on the dry 
system in various parts of the City, and the contents of the 
pails and pans are frequently conveyed to cocoanut plan- 
tations beyond Municipal limits. All excreta from homes 
is sinjilarly removed daily by Chinese coolies to vegetable 
gardens outside Municipal limits. 

In 1893, the late Mr. MacRitchie, M.Inst-CE., sub- 
mitted to the Municipal Commissioners a scheme for the 
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removal and disposal of all excreta. In this report he 
pointed out how dangerous the existing system was and 
how completely the City lay at the mercy of a set of men, 
who might at any moment strike work. He also pointed 
out that a complete system of sewerage for the City would, 
on account of the natural configuration of the City and 
the suburbs and the soft nature of the soil, be attended with 
very great cost, both in the construction of the sewers and 
the maintenance of powerful pumping engines, necessary 
to raise the sewage to a sufficient level to discharge it by 
gravitation into the sea. Mr. MacRitch'io's proposals were 
to collect the excreta and convert the same into poudrette, 
he being of opinion that the material would ccnnmand a 
ready sale among planters and others. In 1897 the Muni- 
cipal Commissioners decided to instal a small plant 
at Tanjong Pagar Reclamation, which was completed and 
started in 1898. Since that date the installation has been 
al work, but it has always worked at a loss, and if extended 
to the whole of the excreta of the City, would occasion a 
daily loss of 1,000 dollars to the Municipality. 

Early in 1904, the present Municipal Engineer, Mr. R. 
Peirce, M.Inst.C.E., submitted a report to the Municipal 
Commissioners in which he laid down that the discharge 
of night-soil into the sea was the most satisfactory way 
of dealing with the problem before them. He further de- 
cided that the main channel on the south side of St. John's 
Island would be the most suitable position for that dis- 
charge, the currents at this place being east and west. 
Taking 1} lbs. of night-soil and urine per head per day, 
he estimated that 100 tons per diem would have to be 
removed. 

His scheme for the disposal of the night-soil was to 
divide the City into districts and to have in each district 
a Shone's ejector, which would receive the excreta and 
then discharge it into a sealed sewage main, varying in 
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size from 3 inches to 8 inches at the final landing jetty, 
whence it would be discharged into barges and from them 
be shot into the sea. Plate 72 shows the positions of the 
proposed five ejector stations, ihe route of the sealed 
sewage main being indicated by dotted lines. It is 
proposed that all the latrines in the City shall be furnished 
with pails of one pattern supplied and maintained by the 
Municipal Commissioners. These pails are to be 12 inches 
deep by 1 foot 3 inches in diameter and covered with a lid^ 
which is made air-tight by a rubber joint secured to the 
pail by a spring. Each of the five districts would contain 
3,000 houses and the pails would be removed once in 2 
days. This would mean the removal of 1,600 pails to 
each receiving ejector every day. The pails would be 
removed in vans and clean pails would take the place of 
those removed from latrines. The estimated quantity of 
excreta to be dealt with at each receiving ejector would be 
4,050 gallons or 18 tons. The total cost of the proposed 
scheme, exclusive of the cost of pails, is estimated at 
6bO,710 dollars and the annual working expenses at 
239,008 dollars. 

It is not proposed to make any alteration at present 
in the existing road-side open drain system for the disposal 
of sullage. 

The Author is much indebted to Mr. R. Peirce, the 
Municipal Engineer of Singapore, for his courtesy in 
supplying the information contained in this note. 
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CHAPTER XIII. 



SKWERAGE OF GEORGE TOWN, PENANG. 

Georgb Town is situated on the island of Penang. just 
off the West Coast of the Malay Peninsula in North Lati- 
tude B degrees 24 mins. 

The town is situated on a Cape, as its Malay name of 
Tandjong implies, and is roughly triangular in shape, two 
sides being bounded by the sea and one side by the moun- 
tains which rise to a height of about 2,700 feet. 

The population of the town is about 100,000 persons,- 
more than half of which are of various Chinese races. 
There is* also a large proportion of Indian people and a 
smaller number of the original Malays. In addition to 
these there are representatives of practically every race in 
Asia and Polynesia as well as Europeans. It will thus 
be seen that the ideas and prejudices of a very dissimilar 
people must be regarded in this town. 

The average amount of rainfall is about 112 inches 
and is of the usual tropical nature with heavy thunder- 
storms and rains, the effect of which is perhaps accentuated 
by the close proximity of the mountains. Rainfalls at the 
rate of 1 inch per hour are fairly frequent and an even 
faster rate is not unusual. 

The town is built on a flat alluvial plain with a very 
slight fall from the foot of the hills to the sea, a great 
part of the town being not more than two or three feet 
above high water level spring tides. The rise and fall 
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of spring tides is about 10 feet, but during neap tides the 
water level remains practically stationary for several days 
at about half tide level. 

In former years, a large amount of flooding took place 
and the lower stories of European^ Chinese, and Indian 
dwellings were often flooded for days together. The Malay 
houses being built upon piles did not suffer in this way. 

The inconvenience caused by flooding need not be 
enlarged upon, cuid it was decided to take steps to improve 
matters. In the closely built upon areas it was considered 
advisable to take means to stop flooding of the houses 
entirely, while in the Suburban districts it was considered 
sufficient if floods could be carried off within the 24 hours. 

The flooding in town was also accentuated by the 
fact that a number of main roads, more or less in embank- 
ment or with large side ditches, radiated from the town 
to the suburbs, and the general fall being from the country 
towards the town, the main drainage* of these areas fallowed 
the roads and so largely increased the amount of flood water 
to be dealt with in the lower districts. 

As a first step to check flooding, intercepting channels 
were constructed across the general line of drainage above 
referred to, and so arranged as to intercept the flood water 
flowing from the suburbs towards the town €uid lead it 
by shorter routes to the sea. In forming these channels, 
advantage is taken of a number of cross roads constructed 
in embankment to form one side of the channel and divert 
the flood water. These channels are constructed partly in 
concrete and brickwork and partly as earth channels. In 
the suburban districts it was not considered advisable to 
incur the expense of constructing channels large enough 
to entirely prevent flooding. The channels in these dis- 
tricts are therefore constructed of a size large enough to 
deal with about 1/3 inch of rainfall per hour. The result 
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has been fairly satisfactory and a great unprovement upon 
former years. A small amount of flooding however still 
occurs as might be expected. 

In the closely built upon areas it was considered advis- 
able that all flooding of dwellings should cease cuid the 
main drains are made large enough to discharge 1 inch of 
rainfall per hour. This figure is found to be about suffi- 
cient for heavy rainstorms. No doubt the rain often falls 
at a faster rate, but a certain amount is absorbed by the 
ground or otherwise retarded in its flow, and the rate of 
flow off any area does not appear to exceed this figure. 
Owing to the fact that the general level of the town is 
only a few feet above sea level it is obvious that the drain- 
age system could not be made self-cleansing unless a 
pumping system were adopted. 

The cost of a pumping system to deal with sudden and 
heavy floods of the nature already described woidd be 
very heavy. No attempt has therefore been made to con- 
struct a self-cleansing system of sewers and the drains are 
of the open pattern and regularly swept out and flushed 
down by coolies employed for the purpose. * No foecal 
matter is admitted to the drains and the water-supply is 
ample. No nuisance is caused by the sweeping out of 
the drains, and no difficulty is found in obtaining low- 
caste Indian coolies willing to do this work. The system 
has proved satisfactory in this climate and gets over the 
difficulties, due to sewer gas and the blocking of traps by 
unsuitable substances thrown into the drains by half 
civilized people. 

All closets are built outside the houses and are pro- 
vided with pails, and the night-soil pails are removed by 
vf^ns in the early morning. 

Household refuse is removed by scavenging carts and 
excluded as far as possible from the drains. 
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The drainage system is therefore only called upon to 
remove the waste water from houses, rainfall, &c., and is 
not of a very foul character. 

The drainage channels are constructed by enlarging 
the roadside drains and lining them with impervious 
materials, formed to a suitable cross section and properly 
graded. 

Brick channels have been found by most Engineers 
to be difficult of maintenance in good condition with 
smooth surface, as the mortar in the joints is liable to 
become disintegrated, and the bricks themselves have gene- 
rally a rather rough surface. 

A much smoother surface can be obtained by cement 
piaster over concrete or brickwork, but the cement is liable 
to become damaged, and with drains in constant use, the 
repair of a cement invert is very difficult and a good job 
is seldom made. 

The system of drainage, as adopted in Penang, is to 
construct the invert of half round tile pipes, bedded on 
concrete, and the sidewalls of concrete plastered with 
cement and coped with bull nose blue bricks. 

The ordinary drainage is carried by the tile invert, 
while in time of flood the whole channel may be nearly 
filled. 

This system has been found satisfactory, as the tile 
invert forms a smooth surface, requiring very little sweep- 
ing, and being practically self-cleansing. 

A typical channel cross section with a general plan 
of the town drainage is shown on plate 73. 

The Author is much indebted for all the above to Mr. 
L. M. Bell, M.Inst.C.E., Municipal Engineer of Gteorge 
Town, Penang. 
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The system of drainage, as adopted in Penang, is appli- 
cable to small Municipalities with a limited water-supply, 
and whose finances cannot stand the strain of an expensive 
underground system. Such a system, as Penang Tias, 
cannot be considered' to be ideal, as it can only dispose of 
waste water and not of frocal matters. TKe application of a 
channel pipe open drain has been found advantageous in 
Bombay for the sam0 reasons, as those given by Mr. Bell, 
and was first introduced many years ago into Bombay by 
tHe Author. 



20 
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CJHAPTERXIV. 



SEWERAGE OP SHANGHAL 

Shanghai, situated in Lat. 31-11 N., Long. 121-25, is 
by far the most important ol all the Treaty Ports of China. 
It may be divided into three areas: — 

(i) The Native City (i.e., within the City wall) which 
has an area of square mile and a popidation of 
110,000. 

(ii) The French Settlement (adjoining the Native 
City) which has an area of about half a square 
mile. 

(iii) The International or Foreign Settlement which 
has an area of 8| square miles and a population 
of over 460,000 Chinese and 11,000 Europeans, ex- 
cluding the shipping population. 

The present article deals only with the International 
or Foreign Settlement, but' the description may be consi- 
dered as applicable also to the French Settlement, although 
the Native City, in regard to drainage and other Municipal 
matters, occupies no better position than that of an ordi- 
nary Chinese town of several centuries ago. 

Shanghai is situated on the River Whangpoo, 14 miles 
above its junction with the Yangtszekiang. The normal 
rise and fall of the tide is about 11 feet. The water is 
fresh and highly charged with suspended matter, mostly 
of an alluvial nature. 

The country both in the Settlement and for miles 
around is very flat, the substratum consisting of an 
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alluvial deposit. The general ground level of the Settle- 
ment is only about 2 feet above H.W.M.O.S.T.y and the 
undeveloped portions and the surrounding country are in- 
tersected by numerous tidal creeks, which are utilized as 
far as possible as sewer outfalls. 

The rainfall in Shanghai averages 43-60 inches per 
annum, the variations of which are shewn in the following 
table: — 

SICCAWEl OBSERVATORY. 





Ikchbs of 1{ainfau«. 










1873—1902 






Mean 






Has. 


Miu. 


Mean. 


Tempemtare 

F. 

37-4 


Jamiary 


• • • • 


7*77 


0-03 


2-15 


February 


... 


4-25 


0*00 


2-29 


39-2 


Haroh 


• • ■ . 


6-00 


0-59 


3-21 


46-2 


Apnl 


• • • 


9-43 


0-92 


3-67 


56-5 


May 


• • • • 


7-17 


1-U 


3-60 


66-5 


June 


• • • 


19 37 


0-74 


6*66 


73-4 


July 


. . • • 


11-63 


0-12 


5-10 


80*8 


August 


• • • 


13-62 


0-49 


5-94 


80-2 


September 


• • • • 


10-79 


0-78 


4-72 


72-7 


October 


• • •» 


11-79 


0-31 


.3-31 


63-3 


November 


• • • • 


6-93 


0-10 


1-83 


52-0 


December 


• • • 


3-64 


014 


1-13 


42*1 



Inches 



62-53 



27-92 



43-60 



59-2 



Hange 43*2 
June is pre-eminently the rainy month, both for fre- 
quency and abundance. In June, 1875, there was a rain- 
fall of 19*27 inches in twenty-one days. 

The devotion of the Chinese to agricultural pursuits 
forms the solution of the economical disposal of the ordure 
of the Settlement, and the Municipal Council derives a 
net income of Xls. 47,770 (£7,000-1906) therefrom, a 
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native contractor paying that sum for the right of collect- 
ing night-soil in the Settlement. This contractor provides 
all labour and covered receptacles for the collection, and is 
under bond to convey it in boats to rural districts without 
causing nuisance in the Settlement. The system works 
well and the whole of the night-soil is removed daily before 
9 A.M. Water closets are prohibited under the local bye- 
laws, but urinals and slop-water sinks are connected with 
the sewers. Owing to the numerous outlets provided by 
the natural creeks there are no large main outfall sewers, 
the largest being 3'-(r x i'-O*. Tidal flap valves are not 
used and the tide is left free to circulate through the 
sewers, whose inclination (owing to tHe flatness of the 
district) rarely exceods 1 in 600. Wherever possible, dead 
ends are avoided, in order that the tidal water may cir- 
culate through the various systems. 

The majority of the roads (of which there are 87 miles) 
are macadamised, and consequently a large amount of 
detritus finds its way to the street gullies, which are also 
emptied periodically. 

Complaints as to emanations from the gullies are prac* 
tically non-existent. 

Rigid supervision is maintained over all private drain- 
age works, and no drains are allowed to be covered until 
they have been inspected and approved by the Council's 
Inspectors. 

Owing to the difiiculty of obtaining stcmeware pipes 
at a reasonable cost, the Council in 1891 decided to manu- 
facture its own pipes of concrete, and these pipes are used 
for all Municipal work, and also supplied to private indi- 
viduals. Within the last three or four years, all pipes up 
to IV diameter have been made by machine, and compare 
favourably for porosity and durability with glazed stone- 
ware pipes. They are made of the usual pattern in 2-feet 
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lengths with spigot and socket joints. Other pipes of the 
following standard sizes are also manufactured : — 
Ciroolar, 2^ and 3' diameter. 
Oval, 2'-3''X l'-6»and3'x 2'. 
These aro all reinforced by iron rods. Street gullies 
of the usual pot form are also made. 

Wherever new roads are made through country dis- 
tricts, where the rateable value does not justify the laying 
of a sewer, the drainage is effected by means of a ditch, 
10 feet wide on the top and 6 feet deep, cut on one side of the 
road. When such districts get built up, these ditches are 
filled in and sewers laid in the ordinary manner. 

The water-supply of the Settlement is in the hands 
of the Shanghai Waterworks Company, Limited, and tlie 
supply is drawn from the Whangpoo River, about two miles 
below the town. The water is drawn off at high tide and 
goes through a process of settling tanks and sand filters. 
The quality of the water is excellent, as may bo seen from 
the following analysis by the Health Officer: — 
Sample received, 25th November 1906. 
Report sent out, 30th November 1906. 
Sample. — Shanghai Waterworks Co.'s water. 
Physical Characters. — ^Pale yellowish green colour with 
slight opacity. 

Parts per 10,000 

Solid matters iu Solution 15*0 

(a) Volatile 7*0 

(6) Fixed 8-0 

Appearance on ignition, slight charring. 

Total hardness . ll'O 

(a) Temporary 5*0 

(6) Permanent 6*0 

Chlorine 2*7 

Nicrogen as Nitrates 0*03 

Saline Ammonia 0*02 

Albuminoid Ammonia 0*015 

Poisonous Metals -^»^« 

Nitrates A»^. 

Phosphates A'»^. 

SnlDhates Traces. 
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Bacteriological Examination.— Nutrient gela- 
tine plates incubated at 23** C shewed 200 micro-organisms 
per cubic centimetre. The ratio of liquefying to non-lique- 
fying organisms was one to ten. 

Agar plates incubated at blood heat yielded 40 mi- 
crobes j)er cubic centimetre. 

Beport on Analysis. — A sample of well filtered 
water shewing a high degree of chemical and bacteriologi- 
cal purity. 

The Author is indebted for the above interesting notes 
to Mr. Charles Majme, M.I.C.E., the Engineer and Surveyor 
to the Shanghai Municipal Council. 
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CHAPTER XV. 



SEWERAGE OF BENAKES, LUCKNOW, AND 
MIRZAPUR. 

In Februaiy, 1906, the Author visited the Sewerage 
Works of Benares, Lucknow, and Mirzapur in company 
with Mr. Lane Brown, MJnst.C.E., M.I.M.E., the Super- 
vising Engineer. 

All these works were then in progress, those at Luck- 
now and Mirzapur possessing peculiar interest, in that 
an open sewerage system is being applied to both cities. 
The short description given below will suffice to shew how 
well-suited this system is to Eastern cities or towns having 
only a small water supply. When an urban water supply 
does not exceed 10 to 12 gallons per head of population, 
sewerage as adopted at Lucknow and Mirzapur is undoubt- 
edly the best. The Author was much impressed with it, 
as well as with the excellence of the work carried out by 
Mr. Lane Brown, by whom the works are carried out 
departmentally, subject to the scrutiny and approval of the 
Sanitary Engineer to Government, Mr. D. W. Aikman. 
The economy thus secured, as against contract agency, is 
very considerable, and the Government has been so' favour- 
ably impressed with it that they have agreed to a similar 
procedure for Fyzabad, Allahabad, and Muttra, as also for 
many of the small Municipalities of the United Provinces. 
These works are now either in project or progress. 

B6nare8. — ^Benares is the holiest city of the Hindoos, 
and is situated on the Northern bank of the Ganges, with 
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a population of 208,000, of whom nearly 60,000 represent 
a floating population of pilgrims. The water supply is 
4J million gallons per diem and the rainfall averages just 
over 40 inches per annum. 

The first complete scheme for the sewerage of this city 
was designed in 1889 by Mr. A. J. Hughes, M.Inst.C.E., 
the then Supervising Engineer for Municipal Water Works, 
North- West Provinces and Oudh. The scheme was on the 
combined system, that is to say, stormwater and sewage 
wore both to be removed in the same sewer. Mr. Hughes' 
scheme provided very good gradients for the sewers and 
also two pumping stations, through which it was proposed 
to lift the sewage twice. The main outfall for the whole 
system was to be constructed at a site on the river Ganges, 
lialf a mile below the city, and the discharge was to b(» 
into 40 feet of water when the river was at its lowest in 
the hot season. The cost was estimated at Rs. 19,12,218 
and the working expenses at Rs. 36,760 per annum. 

At the end of 3890, ilr. Baldwin Latham, the eminent 
Sanitary Engineer, was invited to India to advise the 
Municipalities of Bombay and Calcutta regarding their 
drainage problems, and advantage was taken of his pre- 
sence to obtain his advice on the proposed scheme for 
the sewerage of Benares. The report which he submitted 
in February, 1890, shewed that provision should be made 
for a population of not less than 300,000 people. He 
approved generally of Mr. Hughes' scheme, but recom- 
mended that no pumping should be undertaken and that 
the scheme should be based entirely upon gravitation. 
This necessitated a certain reduction of the velocities which 
Mr. Hughes had contemplated and provided a velocity of 
three feot per second with sewers running half full. Mr. 
Latham took the ordinary dry weather flow at 4 eft. per 
head per day, which gave roughly a mean flow of 700 eft. 
per minute. He agreed with Mr. Hughes that though it 
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was generally desirable to exclude the rainfall from sewers, 
in this particular instance it was better to combine the rain- 
fall with the sewage. In the present new project full 
provision has, however, been made for the exclusion of 
storm-water. 

As to the disposal of sewage, ho recommended its dis- 
charge direct into the Ganges, without any kind of treat- 
ment, and rightly pointed out that the great dilution Vvhich 
would immediately occur would destroy all germs of 
disease. 

Mr. Baldwm Latham's recommendations reduced Mr. 
Hughes' estimate by Rs. 2,11,642. 

In 1898, Mr. Lane Brown, who succeeded Mr. A. R. 
Wilson, M.Inst.C.E., as Resident Engineer, took charge of 
the work and has carried out the present scheme. 

In 1899-1900, financial reasons obliged Government to 
revise Mr. Latham's scheme and to reduce the estimate to 
Rs. 14,00,000. The whole of this scheme has now been 
successfully carried to completion departmentally, and a 
project has been prepared for the completion of the remain- 
ing portions at a cost of Rs. 20,00,000. Construction will 
commence during the year. 

Many of the sewers are laid at a great depth in lanes, 
which do not average more than six feet in width with over- 
hanging houses of from four to six stories on each side. 
In spite of great difficulties, these sewers were most success- 
fully laid. Benares, for very many years, possessed an old 
system of obsolete drains which had their outfalls at 
various points on the Ganges, and these always existed 
in the narrow lanes. It wes necessary in constructing 
the new sewers to arrange for the carriage of the sewage in 
sheet iron troughs with lead joints whilst the old sewers 
were being demolished and removed, luitil tho new sewers 
were complete. The greatest care had to bo expended upon 
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ttiis task, in view of the casto prejudices of the workmen 
engaged, and also in view of the probability of the collapse 
of houses which were built mostly on uncertain founda- 
tions. Be it remarked to the credit of the Engineer tn<it 
the whole work was carried out without any damage or 
(compensation of any sort. 

Pending the erection of ventilating shafts, for which 
arrangements are, on account of local prejudice, being 
slowly made, ventilating manhole covers provide the only 
means of ventilation, which is effected at ground level. 

Automatic flushing tanks are provided at the heads 
of all sewers. 

Plate 74 is a drawing of a water-carriage system 
latrine, which has been introduced into the United Ji'ro- 
vinces by Mr. Lane Brown. Some thirty of these latrines 
have been erected and many have been in use for five or 
more years, having given great satisfaction. They provide 
fully for the wants of the poorer classes and are in popular 
favour. Some of the largest have 96 seats and are used by 
4,000 people daily. The Author carefully examined some 
of these latrines and found them free from any nuisance. 
Attached to each latrine is a pail depot of simple and eco- 
nomical construction, which works well. 

Benares is the only City in the Province which is, or 
is likely to be, sewered with the exception of Cawnpore. 
Most of the other towns are, or will eventually be, drained 
on the open system, as being, where practicable, the best 
suited to the needs and uses of the people. 

The details of the Cawnpore sewerage system have 
been based on the experience gained in the Benares works. 

Lucknow. — Lucknow is the capital City of the Pro- 
vince of Oudh, and is included in the United Provinces. 
It is situated on both banks of the River Gumti, which is 
a tributary of the Ganges. 
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It ranks fourth in size among Indian cities and has a 
population of nearly 300,000. The water-supply of the 
City is 2,000,000 gallons per day or about 10 gallons per 
head, and is derived partly from wells, but principally 
from the River Gumti, from which it is pumped and then 
filtered. 

The sullage 6f the whole City is removed by means of 
open surface drains, which also carry off the surface water 
in the monsoon. The annual rainfall averages 40 inches 
and the surface drains are calculated to deal with a flow 
of 2 inches per hour per acre. Provision has been made 
for the sullage water to be wholly carried in a new system 
of open drains and free use has been made of certain old 
drains which are connected with nullahs discharging into 
the river for storm overflows. Many streets possessed these 
old drains which received the surface water and sullage 
through side lanes. 

Covered drains have now been constructed in these 
lanes with which open surface drains have been connected, 
the lanes themselves being paved. In no instance do the 
surface drains run to any great depth. 

For drainage-purposes, the City has been divided into 
seven districts, each with its outfall into the Qumti. To 
obviate the disadvantage of having open drains at a great 
depth, the streets have been raised or lowered according 
to requirements. When it has been necessary to lower a 
road, the houses have been underpinned. 

Plate 76 gives the details of the cross-section of these 
open drains. They are all carefully calculated for the size 
of the district they have to serve. Though not shewn in the 
Plate, the invert is in all cases constructed of lime and 
cement concrete moulded at a central store, and the wording 
face of the invert is of neat Portland Cement. The result 
is excellent and sanitary. No night-soil is admitted into 
the surface drains, but it is at present removed by hand 
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and trenched outside the City. Under the scheme, however, 
the Benares type latrines and pail depots will serve the 
whole city, each having its separate system of purification 
and the effluent only will be allowed to enter the surface 
drainage. 

The total estimate for the sewerage of Lucknow is 
Rs. 20,00,000, of which Rs. 4,00,000 have been spent up to 
date. The Cantonments are not included in the above 
scheme. 

At each of the seven outfalls, the surface drains will 
discharge into Liquefying Tanks, from which the effluent 
will pass on to a continuous filter provided with a Fiddian 
Distributor. So far only one full installation has been 
completed, and when the Author saw it, the Fiddian Dis- 
tributor was doing excellent work. Figure No. 44 shews 
a similar distributor now working at Enfield, England. 
The Distributor has the great advantage of discharg- 
ing the effluent in a thin wave on to the filter. 



Fio. 44. 
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The above system of drainage is also well suited to 
smaller Indian Cities and, if well conserved, would appear 
to serve every sanitary requirement. In the smaller la- 
teral drains, a hhistit in conjunction with a sweeper, can 
deal with 3,000 feet of open drain, both morning and even- 
ing, and keep both the drains and paved lanes in a most 
satisfactory condition. For the larger laterals and mains, 
flushing tanks — ^both hand and automatic — are provided. 

Mirzapur. — Mirzapur is situated on the south bank 
of the Ganges, some 60 miles below Allahabad. The 
^population is 66,000 and the rainfall averages 40 inches 
per annimi. The present water supply is derived from 
wells and the River Ganges, and is calculated to be equal 
to about 8 gallons per head per diem, but a new water 
supply project, on a basis of 12 gallons per head, and esti- 
mated to cost Es. 6,00,000, is at present under consider- 
ation and will shortly Be commenced. 

The City lies for the most part on the banks of the 
river, and, as is often the case with riparian cities in India, 
the land falls back from the banks. The drainage has, 
therefore, to be carried out against the lie of the land, neces- 
sitating deep excavations in places where nullahs running 
down to the river do not exist. 

From time immemorial, Mirzapur has contained old 
masonry drains, which, though large and well constructed, 
are of a somewhat obsolete shape. 

The sewerage is being carried out on the same lines 
as those pit^viously described in the case of Lucknow, and 
the design of open drains is as shewn in Plate 76. Streets 
have been raised or lowered according to the requirements 
of the gradients of the drains. 

It has been found necessary to cover some of the open 
drains for short distance with stone slabSj with suitable 
manholes, since the configuration of the land necessitated 
their being laid at a great depth. 
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Five outfalls into the Ganges are proposed for the dis- 
charge of the suUage, and the purification will be on the 
same principles as at Lucknow. 

At present, all excreta is removed by hand and trenched 
outside the town, none being admitted into the drains, but 
tne scheme embodies the same provision of latrines, pail 
depots and separate purification as at Lucknow. 

The sewerage works are now nearing completion and 
are estimated to cost Hs. 2,25,000. 
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CHM>TER XVI. 



SEWERAGE OF ALEXANDRIA. 

At the end of 1902, the Author, at the request of the 
Egyptian Government, was asked by the Municipality of 
Alexandria to give his opinion on a scheme for the sev/erago 
of that City which had been recommended by the late Dr. J. 
Hobrecht, Chief Engineer to the City of Berlin, and 
designed by L. Dietrich Bey, Chief Engineer to the Munici- 
pality of Alexandria. 

The population of Alexandria, taken at the Census in 
1897, was returned at 319,760. Since that year it has 
increased and may be calculated at 400,000 at the present 
time. Alexandria has an excellent and never failing 
water supply, supplied by the Alexandria Water Company 
from the upper reaches of the Mahmoudieh Canal and 
filtered before delivery into the City mains. 

In the year 1902, the Company supplied 23,600 metres 
or 6,610,000 gallons of water per diem, equivalent to 85 
litres or 18 -6 gallons per head of population. 

The rainfall of Alexandria is very slight, and is 
mostly confined to December and January, the average 
annual fall for the last thirty years (1869 to 1899) being 
only 224*8 millimetres or 8*47 inches. 

The configuration of Alexandria approximates to that 
of Bombay, that is to say, a considerable part of it is 
low-lying, being nearly at mean sea level. The range of 
the tide is so little around Alexandria that it can safely 
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be left out of consideration so far as the sewerage is 
concerned. 

Some thirty years ago, the export merchants of the City 
founded an Association and voluntarily contributed to a 
tax for the paving of the streets of a part of the City 
known as Minet-el-Bassel. Subsequently, they extended 
their operations to other parts of the City and increased 
the scope of their work by constructing a series of drains 
for the removal of surface water, but these drains were 
never intended for sewage. 

The City, so far as its sewerage was concerned, re- 
mained in this condition until the year 1886, when the 
Eg3^tian Government appointed a Commission to report 
tnier alia on the sanitarj' condition of Alexandria. The 
Commission condemned the existing drains for the use of 
sewage, but nothing further was done. In 1896 Dr. J. 
Hobrecht, Chief Engineer to the City of Berlin, reported 
favourably on a scheme for the drainage of the City which 
had been proposed bj'^ L. Dietrich Bey, Chief Enguieer to 
the Alexandria Municipality. This scheme was to dispose 
of all the sewage of the City by gravitation on a combined 
system and to discharge it in a crude state into the sea. 
It was proposed to construct a main sewer or collector, of 
ovoid shape, alongside the quay wall built betweeUi Pharos 
and Silsileh. This sewer was to receive sewage from nine 
smaller sewers and was to discharge into the sea at both 
its ends. This main and the smaller sewers were to be 
fed by a series of pipe, sewers, serving the different districts 
of the City. Many of the gradients proposed were too flat 
fo ensure satisfactory velocities. 

There were many objections to such a scheme. The 
shape of the ovoid sewer was obsolete, and, where the 
rainfall of a City is so very small, that shape of sewer is 
not to be commended. Tlie effect of discharging all the 
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eewago of the City into a collector, the outfalls of which 
are only partially submerged, is bound to be disastrous. 
Moreover, the discharge of a large quantity of crude sewage 
into the sea close to a City is a most objectionable proceed- 
ing and is certain to be fraught with serious results. The 
Author on these grounds reported against the scheme. 

The configuration of Alexandria does not lend itself to 
a sewerage scheme entirely by gravitation. 

Its close proximity to the sea provides a natural and 
economical outfall for sewage, but the latter must be biolo* 
gically treated before being discharged. 
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APPENDIX I. 



BACTERIAL SEWAGE PURIFICATION. 



Hydrolytic Tank and Qxidlslnj: Beds 

BY 

W. OWEN TRAVIS, M.D., M.S., Babbibtbb-at.Law, 

AND 

EDWIN ADLT, CB. 



OONOLUSIONS AND PROPOSITIONS BA8BD UPON RbSBABOHBS INTO 

THB Purification of v^bwagb. 

Thb conception of " The Hydrolytic Tank and Oxidising 
Beds " is the result of a close study of the numerous experi- 
ments conducted at Lawrence under the ssgis of the State 
Board of Health of Massachusetts, and published by that 
Board in a series of works, which, in their entirety, 
constitute a classical record of the bacterial purification 
of sewage. 

This being so, an acknowledgment of the source from 
whence the ideas were derived and a recital of the conclu- 
sions having special reference thereto are, as a matter of 
common honesty as well as of courtesy, equally desirable^ 
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The conclusions c<Hne to by the officers of the States 
Board relating to 

An^bobic Tbeatmbnt 
briefly stated are as follows: — 

(a) '' The results obtained (in the septic tank) during 
1899 (when, owing to the low rainfall, considerably stronger 
sewage had to be dealt with) have strongly indicated that 
the greater the amount of organic matter in the sewage 
entering a septic tank, the greater will be the percentage 
reduction of organic matter by the tank treatment.** This 
observation suggests the idea that " where exceedingly large 
volumes of sewage are to be purified, as in the case of the 
sewage of a large City, this sewage could be passed through 
ordinary settling tanks, so constructed that the sludge 
settling to the bottom of these tanks could be flushed into 
a septic tank and this sludge alone be treated by septic 
tank action, instead of attempting to treat the whole of a City 
sewage. Following up this idea, a septic tank was put 
in operation during September, 1899, to receive the strong 
sludge from settled sewage." The results of this experiment, 
up to and including the year 1901, were ** that the tank con- 
tained about 20 per cent of the organic matter of the 
sewage which had entered it during its period of operation," 

and " as the effluent contained about 22 per cent 

about 68 per cent, was liquefied or otherwise changed and 
given off as gas by the tank action during its period of 
operation." This was a rate of purification which exceeded 
that occurring in an ordinary septic tank during the same 
period, notwithstanding that in operating the tank the sew- 
age was not moving through continuously, as the eflSuent 
passed from the tank only during the short time each day 
that concentrated sewage was being passed into it. 

(P) " During the first winter of its operation, there 
was a constant accumulation of sediment within the tank," 
which was believed to be " due to the long period that the 
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sewage remained in the tank at that time and the conse- 
quent diminution of bacterial growth on account of the 
production of toxins." It is probable, however, that the 
absence of the pipe openings {ie.^ absence of ventilation) 
upon the top of the tank, which were subsequently intro- 
duced, prevented the escape "of certain gases that, when 
held in solution in a closed tank, were inimical to the con- 
tinuation of bacterial life." 

(c) "The mailer in suspension in sewage is the chief 
factor in clogging the surfaces of . ^ . filters, ... By the 
action of the septic tank, a very large proportion of these 
matters in suspension is eliminated from the sewage when 
it flows from the tank. A certain proportion changes its 
form and goes into solution in the sewage, while another por- 
tion is changed to the gaseous form and escapes : while un- 
doubtedly at times, as has been repeatedly noticed at 
Lawrence, considerable very finely divided solid matter 
comes from the tank. This occurs at times when the move- 
ment of the gas in the tank disturbs the sludge, and, while 
only lasting for a few minutes at a time, causes considerable 
solid matter to flow out in suspension." 

(d) ** It is evident, from our experiments, that the bac- 
teria in the tank that do the larger proportion of the work 
live on the sides, bottom, and top of the tank, where organic 
matter accumulates and where they are found in enormous 
numbers compared with the numbers found in the liquid 
that is passing through the tank ;" hence an experiment was 
inaugurated in 1899, " in which sewage was passed upwards 
through a tank filled with broken stone, in order to aflford 
a very extensive foothold and breeding place for the neces- 
sary classes of bacteria. Comparing the average analysis 
of the eiBuent of this anaerobic tank or filter with the 
average analysis of the effluent of the septic tank A, we 
see that the percentage reduction of organic matter was 
greater in the former, and that an effluent was produced 
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oontaining a smaller amount of matter in suspension and 
hence more easily filtered at high rates." In 1901, wnen 
the applied sewage passed through filter in about six 
hours or nearly four times as fast as similar sewage passed 
through the septic tank, it was found that " the principal 
obstacle in operating ian anaerobic filter such as this com- 
pared with the operation of a septic tank, is the greater 
difficulty in removing accumulated sludge, if we assume, 
as seems reasonable, that in both cases sludge will (when 
treating most sewages, eventually) accumulate to such an 
extent that its removal will be imperative." 

These conclusions clearly indicate the following propo- 
sitions: — 

1. That as the liquid portion of water-carried sewage 
contains matter in solution only, and as the water 
has already fulfilled its principal function, rt:., the 
conveyance of the grosser particles, so it should be 
permitted to pass through the tank in the limited time 
necessary for purely sedimentary purposes. 

2. That as the suspended matters of the sewage only 
require to be subjected to a prolonged digestive pro- 
cess, so these matters, together with the minimum 
amount of liquid which is found to be necessary for 
the free flowing of the particles and for the carrying 
away of the liquefied products, should alone undergo 
the septic tank or hydrolytic treatment. 

3. That as, in any sedimentary tank, some of the matters 
in suspension, whose specific gravity differs little from 
the liquid, will not be deposited, and as in all septic 
tanks considerable quantities of deposited sludge, dis- 
turbed by the gases of decomposition, will constantly 
flow out of the tank with the liquid, so a further puri- 
fication in an upward anserobic filter is absolutely 
necessary. 
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4. That as the gaseous and volatile products are, like 
the liquid products, equally subversive of micro- 
organismical hydrolysis as they are the cause of 
the strong odours which prevail in a septic tank 
effluent, and as they are detrimental to the subsequent 
oxidation in contact or other aerating beds, so they 
should be removed, by exhaustion, from the tank as 
they are formed. 

6. That as sludge must accumulate, so means must be 
provided for its systematical withdrawal. Any 
attempt to establish a so-called equilibrium is futile; 
it is, in fact, but a method of evading the issue and of 
throwing upon the subsequent treatment matters which 
ought to be effectually dealt with in the tank. 

NOTB.— The Hydrolyttc Tank bap been deviled in conformity with, and 
in order to secure the ad^MOtages of, the foregoing ^ropositiota* 

The conclusions of the Massachusetts State Board 
Officers relating to 

iEROBio Trbatmknt 
may be stated as follows: — 

(a) " All our studies have shewn that it is extremely 
able that the sewage, before passing to contact^ filters, 
should be treated by some method, such as settling, strain- 
ing, or bacterial action in the so-called septic tank, that 
will remove from it as much as possible of the matters in 
suspension: and they have apparently proved that, if 
contact filters are to be kept in operation for a considerable 
nuniber of years, they must receive sewage which has been 
clarified in some such way, or else the filter must be of 
such coarse and smooth material that all suspended matter 
will pass readily through it." 

(h) " When sewage in an advanced state of putrefaction 
is applied to a contact filter, and the entire open space of 
the filter filled with this sewage, it is possible that oxida- 
tion may be so rapid that the supply of oxygen within the 
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filter will be exhausted before the process of nitrification 
has had time to begin, that is to say, even if the nitrifying 
bacteria are in the sewage when it is passed to the filter, 
or in the filter at th^ time of the introduction of the 
sewage, their power may be entirely overcome temporarily 

by a lack of oxygen It is evident that if sewage 

in the condition of septic sewage B up<Mi the date of the 
first experiment flowed into a contact filter, filling it 
entirely, no nitrification could be expected to take place 
within the filter, as the oxygen with which it would come 
in contact would probably not be more than enough for 
the first rapid oxidation, this quick oxidation being prob- 
ably a chemical action rather than the bacterial oxida- 
tion upon which nitrification depends. When such sewago 

is run in a comparatively small volume upon 

the surface of intermittent sand filters, however, it remains 
upon the surface in most instances long enough for consi- 
derable oxidation to take place, and it meets a large volume 
of air as it slowly peases through the filter and hence 
nitrification occurs." 

(c) ** As, moreover, this rapid absorption of oxygen did 
cause a change in the character of the ore:anic matter of 
the sewage that could bo readily detected by the ordinary 
chemical analysis, experiments were undertaken to shew 
whether or not it was the oxidation or saturation of gases. • 
. . . These experiments were repeated and seem to prove con- 
clusively that the rapid absorption of oxygen was by gases 
or by organic matter that, sterilizing by heat, had so changed 
that it was not easily oxidized, rather than by bacterial 
action. This makes clear one of the reasons for the diflB- 
culty of nitrifying certain septic sewage. Can we not, 
however, satisfactorily explain these results by assuming 
that we have groups of bacteria of different characters, 
producing ptomaines that seriously interfere with nitri- 
fication? We know that the condition obtaining 

in tanks must be quite different one from the other, and the 
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organic matter in the sewage mudt be worked over to a 
different extent or by different bacteria, giving different 

end products It is certain that if the anaerobic 

process is carried too far, there may be a formation of 
distinctly poisonous bodies, which might prevent nitrifi- 
cation." 

(d) " The eifluents of properly constructed and operated 
contact filters contain very little organic matter in suspen- 
sion. When the effluent flows from a filter, air is drawn 
into the filter again and fills the open space. Consequently, 
a partial oxidation of the organic matter left within the 
filtering material proceeds until this oxygen is exhausted, 
when the open space is completely filled with the chief 
products of this oxidation, — ^namely, carbonic acid, marsh 
gas, nitrogen of the air primarily present, and nitrogen 
liberated during decomposition, — and the filter will remain 
with its open space filled with these gases until they are 
removed by the introduction of sewage or air. This con- 
dition reached, the activity of the oxidizmg and nitrifying 
bacteria within the filter ceases and anaerobic action 
begins." 

(e) "It seems probable that the organic matter, both 
that in solution and that in suspension, is worked over and 
digested by the bacteria in the filter, first by the anaerobic 
and then by the aerobic bacteria. By this process the 
matter is, in the first place, rendered unsuitable food for 
the anaerobic bacteria, and perhaps toxic to them. When 
in this condition, however, it is suitable food for aerobic 
bacteria, which rapidly at first and then more slowly change 
it to this stable condition." 

(/) "These studies have proved quite conclusively that, 
while the intermittent continuous filter of coarse material 
is, perhaps, more difficult to operate on account of the neces- 
sity of uniform distribution of the sewage over the surface, 
etc., yet they can be operated at higher rates than 
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contact filters, and will generally give better purification 
results: that is, nitrification within them is generally more 
active, the organic matter remaining in the effluents more 
thoroughly changed and the appearance of the effluents 

somewhat better The reason (for which; is 

undoubtedly the greater volume of air that comes into 
contact with the sewage as it passes through these filters 

the thinner streams of sewage continually passing 

in thin layers over the filtering material, and ai-e (hus 
continually in contact with the bacteria upon the filtering 
material and also in contact with air; while in contact 
filters the main volume of sewage is, when the filter is 
standing full, not in contact with the material, but 
filling the voids between, and serobic bacterial action is 
limited by the volume of air remaining in the filter after 
filling as much as possible of the open space of the filter 
with sewage." 

(ff) *• Another interesting and practical point 

is that the matter in suspension accumulates more 

slowly within the intermittent continuous filter; for when 
reaching a certain degree of change or bacterial oxidation, 
it is continually falling from the filtering material in flakes 
and appearing in the effluent. In the contact filter ... . 
this tendency to loosen from the material is less marked, and 
hence these filters lose a greater percentage of their open 
space, — a serious matter in all filtration at high rates by 
means of coarse filters, but more especially so with contact 
filters," as the rate really ** depends upon the open space." 

(A) "A diflFerence of a few degrees in the temperature of 
the sewage entering the bed causes a considerable differ- 
ence in the degree of nitrification taking place within the 
filter in winter." 

(t) "We have sometimes found the 'highest nitrification 
and the smallest number of bacteria when there was a large 
supply of the ammonias in the effluent. This would indi- 
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cate that the most complete destniction of bacteria was not 
due to a failure of food, so far as that may be supplied 
by the free albuminpid ammonia of these effluents, but was 
rather due to the process of the formation of nitrates, — the 
burning process. We have thought that their destruction 
might bo due to being deprived of oxygen that was used in 
the oxidation of other organic matter; but it may be duo 
to their own oxidation, — ^to their being burned." 

These deductions substantiate the following proposi- 
tions: — 

1. That as a 'contact bed' must infallibly become in- 
operative when treating crude sewage, owing to the 
accumulation of sludge on its surface and in its 
interior, so some method of clarification must be 
resorted to in the first instance. 

2. That as the purification effected in a ' contact bed ' is 
dependent upon a cycle of anaerobic and ©robic actions, 
so a good * contact bed ' must necessarily be an imper- 
fect aerating bed. 

3. That as the effluent from a septic tank contains 
organic matter in such a condition and gases of such 
a nature that the oxygen primarily present in the 
contact filters was exhausted by direct oxidation of 
carbonaceous matter before nitrification could become 
established, so a septic tank effluent should not be sub- 
mitted to * contact bed' treatment, but to some more 
perfect means of aeration. 

4. That as the purification results of an intermittent con- 
tinuous filter are uniformly superior to those of a 

/contact bed' in quantity as in quality, so the latter 
must go, and methods adopted in order to overcome the 
difficulties incidental to the working of the former. 

5. That as the gases produced in the contact or other 
aerating bed, equally with those contained in a septic 
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tank eflSuent, interfere with the purification results, so 
provision must be made for the systematical exhau8-» 
tion of those gases from the bed, as well as for the 
introduction into the bed of fresh air. 

6. That as the nitrification results are adversely affected 
by cold weather, so means must be taken to prevent 
any great loss of the heat in the sewage, and, during 
the continuance of cold weather, the air introduced 
into the bed should be heated. 

7. That as "the period of greatest destruction of the 
ordinary sewage bacteria corresponds closely with the 
time of most active nitrification and most complete 
aeration," so the cultivation of the nitrifying organisms 
and the acquisition of the freest admission of air must 
c/)nstitute appropriate means for inhibiting the pas- 
sage of living pathogenic germs. 

NoTB.— The Oxidising Bfdi have been eo designed as to be in compliancs 
with the reqai^rementt of the above-mentioned propositions. 



Dbscription of THB Hydrolytio Tank and 
Oxidising Bbds. 

Plate 76 illustrates the Hydrolytic Tank, which is 
divided into two parts. 

The first part consists of two "Sedimentary Chambers" 
laterally situated and a central " Liquefying Chamber.*' 

The sewage having first passed through a " Detritus 
Tank," enters the Sedimentary Chambers and traversing 
their length emerges therefrom over the weirs oa. as 
indicated by the arrows. The time thus occupied (about 
five hours) sufiices for the deposition of the suspended solids 
of the sewage. The deposited matters gravitate through 
openings hb. at the bottoms of the dividing walls of the 
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chambers, and are accompanied with, and accelerated by, 
a proportion of the liquid being allowed to flow into and 
through the Liquefying Chamber. The section of the 
latter chamber, below the level of the openings 65. provides 
for the reception and accumulation of the deposited sludge 
pending its hydrolysis; the section of the chamber above 
the openings hb. provides for the flow of the liquid and 
for the carrying away of the gaseous and liquid products, 
due to the hydrolysis of the deposited matters; the time 
occupied by the liquid in passing through the Liquefying 
Chamber being about fifteen hours. I'he relative flow of 
the liquid through the Sedimentary and Liquefying Cham- 
bers, both as regards velocity and quantity, is regulated bjr 
the relative capacities of the chambers and the widths of 
the respective weirs. 

When the sludge has been sufficiently hydrolised, or 
when its level approaches that of the openings 66, the 
valves cc. are successively opened and the lowest portion 
of sludge tnat most digested, is forced through the sludge 
pipe d. by the head of the liquid in the tank. 

The effluents from the Sedimentary and Liquefying 
Chambers, and such finely divided or light sedimentary 
matters as may be carried therewith, overflowing the weirs 
drop into and become intimately mixed in the channel c. 

The second part of the Hydrol)rtic Tank, to which the 
liquid now passes, consists of a series of *' Upward Anaero- 
bic Filters " filled with flint stones or other material of 
suitable size. The mixed effluent is deflected to the bottom 
of the first filter, as indicated by arrows, and passes up- 
wards through the material (leaving the suspended matter 
adhering thereto) and overflowing the dividing weir is 
again deflected to the bottom of the second filter, passes 
through the material of the second (and third or more 
filters) and finally issues from the tank at f. occupying 
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during its progress through the second portion of the tank 
about thrpe hours. 

Should there be any accumulation of sludge in this 
part of the tank, provision is made for its withdrawal in a 
manner similar to that described in connection with the 
Liquefying Chamber. 

The Hydrol)rtic Tank is, as a whole, covered in, and 
the gases and volatile products generated therein are con- 
tinuously and systematically exhausted by means of a fan 
in order to keep the gas tension within the tank, and that 
of the contained liquid at as low a pressure as practicable^ 
so as, on the one hand, to avoid the possibility of any ex- 
plosion, and on the other to obviate some of the difficulties 
incidental to the objectionable odours and to the subse- 
quent treatment of the effluent. 

From the Hydrol)rtic Tank, the effluent is taken to 
"Oxidising Beds" (shewn in Plate 77) on to which the liquid 
is delivered intermittently by means of a syphon arrange- 
ment. The liquid is collected in syphon chambers of such 
a capacity that each is filled in not less than say ten 
minutes, and when full the contents are discharged auto- 
matically by means of the syphon g* on to the upper or 
l<Jitrosifying Layer of the beds and percolating tnero 
through, falls on to and through two or more Nitrifying 
Layers fixed underneath, the final effluent being drawn off 
by the Channel K 

The even distribution of the liquid on to the upper 
layer is secured by having the Syphon g. of such a dis- 
charging capacity as to deliver the liquid with a rapidity 
sufficient to flood a bed, the surface of the latter being 
protected from aisturbance by perforated tiles, wire netting, 
or other device. The liquid capacity of the Nitrosifying 
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Layer should be about equal to that of one discharge from 
the Syphon Chamber, and the layer itself should be formed 
of coarse sand or other suitable material of such grade as 
to allow of one charge of liquid to completely percolate 
tfirough before the next is ready. 

The Nitrifying Layers should be formed of coarse 
gravel or other suitable material of such grade as to pro- 
vide cpnvenient space for the growth of the nitrifying or- 
ganisms, so that the phagocytic action and the dependent 
organismal filtration may be developed to the fullest extent, 
and at the same time that provision be made for efficient 
aaration. 

The successive layers of the Oxidising Beds are sepa- 
rated from each otHor by spaces through which a currant 
of air is drawn by a fan, and through which the liquid 
. falls^ from one layer to the other, thus providing the neces 
sary oxygen for the life work of the organismaf and a meanp 
of conveying away the gases produced thereby. 

By admitting the air to the beds through a pipe or 
conduit, the volume can be controlled and also the air can 
be heated in order that, during severe weather, the best 
conditions may be established for the maximum activity of 
the organism. 

The author is indebted to Dr. W. Owen Travis and 
Mr. Edwin Ault for their permission to print the above. 

Since the appearance of the pamphlet containing the 
foregoing interesting matter. Dr. W. Owen Travis has 
carried out a large number of systematic examinations on 
the.aotio^ taking place in the various sections of the Hy- 
droly tic Tank, which go to shew that besides the bacterial 
action, so thoroughly examined by the Massachusetts Board 
of Health, there is an important physical process occurring, 
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which would account for the clogging up of "bacteria 
beds ^* probably to a greater extent than the passage of 
matters in suspension. 

It had been observed that contact beds not only clogged 
at the surface but right through the whole depth of the 
beds, and it has been difficult to account for this clogging 
by the action only of suspended matter. Dr. Travis found 
that a clean effluent from the first part of the Hydrolytic 
Tank still deposited a much larger volume of solid matter 
in the second part of the tank than was represented by 
the solids in suspension passing thereto. He even found 
that if the effluent from the first part were filtered so that 
no solids were in suspension, the filtrate coming into 
contact with walls, plates, or stones, for example, continued 
to deposit solid matter. The latter were evidently in an 
unstable soluble form, in what has been designated a col- 
loidal state or an emulsion, which, on being brought into 
contact with solid surfaces, have their physical unstable 
equilibrium disturbed and become separated into more 
stable solid and liquid forms. In contact beds the s)lids 
so separated have no doubt contributed largely to the 
clogging of their whole depth. 

The result of these examinations has been the entire 
remodelling of the second part of the Hydrolytic Tanks. 
A S3ries of thin plates, at a slight angle from the vertical, 
are placed at small distances from each other, for the double 
purpose of presenting a large contact surface for the effluent 
from the first part of the tank to impinge against, and to 
allow of the solid matters gravitating down to the floor of 
the beds. The flow of the liquid is from the bottom up- 
wards, and a space is formed below the bottom edges of 
the plates for the accumulation of the sludge, when it is 
drawn in a manner similar to that in the first part of the 
tank. 
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The result of the entire operation is an effluent very 
greatly superior to any hitherto procured, as can be seen 
from the following table of comparative results: — 







bo lids in 


IVrcen'age 




Liquid 


daspt^uMion 


red u ft un 




reuiiiiiiing 


ill n1I»u- 




capacity. 


in I he 


mincid 






cffloent. 


nitr ^en. 


Irt — *' CoTitiniious and's^nrbcd Sedi- 








moutaiioii " -eptio Tttiik— 








Loudon Oounty Ooaiicil'tiFourUi 








Ueporc.llH}2 


6 hours 


50-f. % 


Not stated 


Hydrulyt o 1 ank (Ut ponioii)... 


« „ 


2U% 


57-7 


2ffd— S-ptic Tun (Aver.tge retfuhsy 


•24 ,. 


oOO % 


440 


Hydn.lyiicTHiilc 


lii „ 


10 7« 


64-8 


Zrd -Exueriineiitul '^optc T>inK - 








MaHHacii usetts Statt* Board of 








Ueoltbs Thirty-Foiirtu An 








nual Heport, IbUi (2.C 








gallons) 


22 , 


4'^-l % 


40-0 


ilodel Hydridytio Tank (:iCu 








galLnsper day) • . • . 


li o 


10% 


77-6 



The sewage flowing over the weirs of the first portion 
enters the second portion of the tank. The latter consists 
of throe hydrolising chambers, which are arranged in 
sequence. The sewage passes to the bottom of the first 
chamber by a descending channel, rises- slowly in the 
chamber and flows over a weir, enters the descending 
channel of the second hydrolising chamber, rises upwards 
tnrough that chamber, and repeats the operation in the 
third chamber. 

Each chamber — with the exception of a clear space 
above for the flow of the liquid contrdlled by a submerged 
wall (built to keep back a small amount of floating matter) 
and a space below for the accumulation of sludge, from 
which it can be withdrawn — is occupied by thin pJates 
separated by 4" spaces, through which the liquid passes. 
Plates so arranged attract particles to them, which accu- 
mulate until their weight exceeds the power of attraction. 
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when they slip from the plates and fafll into the sludge 
space below. This accumulation is, in the main, confined 
to the upper surface of the plates, and the gases, freely 
generated, escape and pass upwards along the xmder 
surface of the plates. The analogy between the first and 
second portions of the tank can now be seen. In the 
first or hydrol3rtic portion the gases generated in the sludge 
space are prevented from interfering with the settling 
solids by the walls of the liquefying chamber, and in the 
second portion or hydrolising chambers each plate sepa- 
rates the ascending gases on the under «urface from the 
deposited solids on the upper surface. These experiments 
have indisputably shewn that the hydrolising chambers, 
when fitted with plates in the manner described, are im- 
measurably superior in working than chambers fitted with 
broken stone, etc., as hitherto used. 
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SPECIFICATIONS. 

Stoneware Pipe8.^-The pipes shall be stoneware 
made from clay devoid of lime and its compoionds. 

Each pipe with its socket shall be made in one opera- 
tion and in one mould, and shall be of the best quality, 
perfectly straight, cylindrical, thoroughly salt-glazed and 
burnt, and free from cracks, flaws, and defects of every 
description. 

The thickness of each pipe shall be at least one- 
twelfth of its diameter, and in every case in which the 
word " diameter " is used, it shall mean internal diameter. 
The depth of the socket of a pipe shall be not less than 
12 inches. 

The length of a pipe, wherevei: stated, is to be the 
length exclusive of the socket, that is to say, the length 
of effective work that may be done by the pipe. 

The pipes shall be finished with a perfectly smooth 
interior, and shall, when struck with an iron rod, ring 
clearly. 

A piece of about 2 inches square, broken from any part 
of the pipe, shall not absorb after 48 hours' immersion in 
water more than 2 per cent, of its weight of water. 

The pipe shall be capable of resisting a bursting pres- 
sure of 30 lbs. per square inch and all the pipes found to 
be leaky or incapable of sustaining the pressure specified, 
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or to be inoro absorbent than hereinbefore stated, shall be 
rejected. 

The breaking or crushing weight of a pipe shall be 
not less than 1,700 lbs. applied by means of a lever or 
otherwise to the centre of a board of hard wood laid along 
the top of the pipe throughout its length exclusive of the 
socket. The pipe, when subjected to this tost, shall bo 
supported on a similar board underneath, the socket over- 
hanging clear. A layer of felt shall be laid between the 
pipe and the board both at the top and the bottom. 

The test for absorption, bursting pressure, and break- 
ing weight shall be applied to one pipe selected by the 
Engineer out of every twenty pipes offered for delivery. 
Tf the pipe so selected withstands an internal pressure of 
about 30 lbs. per square inch and a breaking weight of 
1,700 lbs. applied as above described, and if a piece taken 
from it and tested for absorption as stated above, does not 
absorb more than 2 per cent, of its weight of water after 
48 hours' immersion, the whole of the twenty pipes from 
which the one was selected as a sample may be taken over. 
If the pipe selected burst or break under the applied 
test or absorb more water than specified, then the whole of 
the twenty pipes shall be subjected to the various tests. 

Portland Cement. — The whole of the Portland 
cement shall be of the best quality now manufactured in 
Great Britain by some well-known maker; it shall be 
securely packed in strong wooden casks and shall have 
arrived from Great Britain not more than two months 
before the same is tendered for delivery. 

Each cask should be strongly bound with hoop-iron, 
should be lined with water-proof paper, and should bear 
the trade mark or the label of the manufacturer. The cost 
of the cask will be held to be included in the rate to be 
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paid for tho cement. No damaged or leaky cask will bo 
received. 

Each cask shall weigh when delivered at least 385 lbs. 
ijross and 375 lbs. net. 

The specific gravity of the cement shall not be less 
than 3*05. 

The whole of the cement shall pass through a siete 
containing 1,600 holes per square inch; and 95 per cent, 
shall pass through a sieve having 2,500 holes per square 
inch, and 85 per cent, through a sieve containing 5,625 
meshes to the square inch. 

Test blocks shall be made with 20 per cent, of water, 
and the mixture shall be placed in the mould without 
hammering and kept one day in a moist atmosphere. 60 
per cent, of the blocks shall be made of neat cement and 
40 per cent, of cement and sand in the proportion of one part 
of cement to three parts of clean dry sand. The neat 
cement blocks shall be capable of maintaining without 
breaking a tensile strain of not less than 350, 450, and 
580 lbs. per square inch after immersion in water for 
seven, fourteen, and twenty-eight days respectively. The 
cement and sand blocks shall bear a pressure of 125 lbs. 
after fourteen days and 200 lbs. after twenty-eight days. 

Slabs or pats of cement made with 20 per cent, of 
water, kept in air until set and afterwards immersed in 
water for twenty-four hours, shall shew no signs of crack- 
ing or softness. 

A sample of cement shall be made into a paste and 
put into a glass test tube. If the test tube is cracked or 
the cement shrinks away from the sides, it shall not be 
accepted. 

Cast Iron Pipes. — ^The cast iron pipes shall be 
cast vertically in dry sand moulds with the socket ends 
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downwards and shall have a sufScient head (not Itos than 
iiine inches) on the spigot end of each pipe, which head 
must be subsequently cut off in a lathe. They must be of 
uniform bore and thickness of metal throughout without 
^Its. The metal shall be the best gray metal, re-melted 
from the cupola, and not run direct from the blast furnace, 
and to be perfectly free from scoria, air-bubbles, flaws, 
or defects of any kind. It must be tough, close-gramed, 
and cast as hard as can be conveniently drilled or tapped, 
but shall nevertheless not present on being broken a white 
or vitreous surface of fracture. 

The metal shall be of such strength, that a bar 2 
inches in depth by 1 inch in widfn and 40 inches in length, 
weighing not more than 21 lbs. will, when supported at 
points 36 inches apart and Joaded in the middle, sustain 
a weight of not less than 28 cwts. for twenty-four consecu- 
tive hours, and shall deflect not less than 0*3 of an inch 
before breaking. Six test bars, as described above, shall 
be cast from each and the same running as the pipes are 
cast from, and shall be tested in suitable and proper 
machinery. 

All pipes, after being well cleansed and fettled, shall 
be carefully coated internally and externally by being 
immersed whilst hot in a hot bath of pitch and oil, accord- 
ing to Dr. Angus Smith's process: the coating shall be 
applied at a proper heat and in a proper manner before 
any rust has formed. The surface of the coating of the 
pitch shall be quite black and shall retain a smooth, glossy 
surface, and adhere firmly to the pipes all over, and be 
incapable of being mechanically separated from them. 

Any pipe, which shall be unsound or in any way 
imperfect, or in which any sand holes shall be found 
plugged up, or which shall not admit of a circular disc 
1-lGth of an inch less than the diameter of the pipe passing 
freely through at right angles to its axis, shall be rejected. 
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All pipes shaH be as near as possible of the weights 
set forth below, and no greater deviati(m than 3 per cent, 
either above or below these weights shall be permitted. 



Internal 
Diameter. 



i.^ngth ez- 

cluwive of 

Socket. 



Thickness. 



Weight of 
each ripe. 



Depth of 
Socket. 



Thickness 

of 
Lead joints. 



Inches. 

J* 

H 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 
13 
14 
15 
16 
18 
20 
21 
24 
27 . 
'60 
33 
36 
40 
42 
48 



Feet. 


Inches. 


6 


b''^ 


6 


iV 


6 


,\ 


U 


i' 


9 


i 


9 


U 


9 


ii 


9 


9 


♦ 


9 


!' 


9 


U 


9 


}' 


12 


ij 


12 


*' 


12 


4 , 


12 




12 


a 


12 


i 


12 


n 


12 


ij 


12 


i 


12 


}? 


12 


}5 


12 


H 


12 


\i 


12 


l^V 


12 


•v. 


12 


lA 



Cwt. 


qr. 


lb. 


Inches. 





1 


7 


2} 





1 21 


3 





2 


7 


3 


t 








^ 


i 


i 


21 


3* 


2 










2 


2 







3 





18 




3 


2 


21 




4 


1 


14 




5 










5 


3 


3 




8 


3 







9 


3 







10 


3 







12 










13 


2 


l» 




IG 


1 







19 


2 







20 


3 







2:. 










30 










33 










36 


2 







40 










48 


2 24 




5! 





7 


5 


05 


1 


18 


5 



Inches. 



1^; 



The pipe shall sustain and withstand proof by hydro- 
static pressure equal to 260 lbs. on a square inch, and 
while under this pressure the pipe shall be repeatedly and 
sufficiently struck in all its parts with a hammer of a 
weight suitably proportioned to the strength of the pipe 
under examination. During the time of making the exam- 
ination the pipe shall be kept dry, so as to exhibit the 
more readily the effect of the pressure applied. 
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Sb one's Ejectors and Tubbing.— The Con- 
tractors shall provide and deliver two pairs of Shone's 
Pneumatic Ejectors, each ejector being capable 5f dis- 
charging 150 gallons per minute. (The size of ejectors 
and the place of delivery may be varied according to the 
requirements in each case). 

The ejectors shall be arranged in pairs, so that they 
can work alternately. 

The receiver shall be of wrought-iron provided with 
an inspection door, and shall be tested at the contractors' 
works to a pressure of 100 lbs. to the square inch. 

Each ejecior shall have an inlet and outlet pipe of 
such size that the velocity of the sewage in the inlet pipe 
when carrying the contract rate of flow shall not exceed 
180 feet per minute, while the velocity of sewage in the 
outlet pipe under the same above conditions shall be at 
the rate of 210 feet per minute. 

Each of the ejectors shall be provided with proper 
controlling valves, which shall be easily accessible and 
of such size that when passing the contract rate of liow, 
the velocity through the same shall not exceed 250 feet per 
minute. The whole of the valves shall be faced with 
dermatine attached by means of wrought-iron plate and 
delta metal set screws, and shall be so arranged as to be 
easily replaced when necessary. The corresponding valves 
of each ejector shall be interchangeable, and shall be 
attached to the valve seating with a delta metal hinge and 
pin. 

Each ejector shall have one automatic air supply and 
exhaust valve with compressed air and exhaust pipes, 
sluice valves, siphon pipes, and one automatic air valve 
and all fittings complete. The alternating gear and valves 
shall be controlled automatically by the rise and fall of 
sewage in the receiver and shall be protected by suitable 
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arrangements from liability to choking through the influx 
of sewage, and the whole of the valves shall be of gunmetal. 

The contractors shall also provide for the mouth of 
the inlet pipe in the inlet manhole a sluice gate with con- 
trolling gear to be worked from the road surface for the 
purpose of shutting off the sewage from entering the ejec- 
tors. Each ejector shall also be furnished with a six- 
tigure counter of approved type. 

The contractors shall also provide all wrought-iron 
and cast-iron pipe connections for the sewage and air 
mains inside the tubbing, the inlet pipes being complete 
from the inlet manhole, the discharge pipes terminating 
in a flange or socket joint at least one foot clear of the 
outer face of the tubbing, or, if the air vessel on the 
rising main is fixed outside the station, terminating at 
ilie air vessel, the compressed air supply pipes being carried 
one foot clear of the outer face of the tubbing, and the air, 
exhaust and ventilating pipes complete up to the outlet 
vent shaft. They shall also furnish a wrought-iron vessel 
and a reflux valve with flanged connections, to be placed 
on the rising main. 

The contractors shall further provide pressure gauges 
to be fixed on the inlet air pipes inside the stations and 
a brass cock at lowest point of the exhaust pipes. 

The contractors shall also provide a hand ejector or 
an air-driven donkey pump of a suitable capacity for 
discharging the water from inside the tubbing. The hand 
ejector or the donlcey pump shall be fitted with the neces- 
sary pipes and fittings, and shall be capable of being 
worked from the surface of the ground. The cost of the 
hand ejector or the donkey pump, together with that of all 
the fittings required for the same, shall be held to be 
included in the rates for the main ejectors. 
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The whole of the pipes shall be of cas^itfom and akall 
be levied at the contractors' woiis to a prearare of 100 lbs. 
to the square inch. 

The whole of the flanges shall be properly faced and 
bracketted. 

The receivers, valve boxes, etc., shall be coated inside 
and outside with Dr. Angus Smith's Composition. 

The tubbing shall be of cast-iron built up in rings, 
the bottom ring to have a cutting edge formed on it to 
facilitate the sinking. The flooring shall consist of five 
plates strongly ribbed, of such size that they will pass 
through the entrance shaft, so that they can be fixed after 
the tubbing has been sunk in position. The entrance shaft 
shall not be less than 5 feet clear so as to allow of the 
floor plates and ejectors, etc., passing through. The tub- 
bing, floor plates, and entrance shaft shall have internal 
flanges firmly bolted together and the joints made with 
lead pipe compressed between the flanges and caulked tight 
from the inside of the tubbing. 

The whole of the iron work shall be erected at the 
contractors' works previous to the shipment and submitted 
to tests similar to the working conditions required for the 
same, and the whole shall afterwards be submitted to an 
air pressure of 60 lbs. to the square inch. 

The castings shall be in loam and sound both exter- 
nally and internally, and shall be carefully cleaned and 
dressed off. No portion of the castings shall be made in 
open sand, or from first runnings, nor otherwise than from 
metal, the tensile strength for which is less than 7 tons 
per square inch of section, or the transverse strength of 
which would be capable of sustaining for twenty-four con- 
secutive hours a less weight than 7 cwts, placed in the 
middle of the length of a bar one inch square, supported 
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on points three feet apart. Test bars shall be provided, 
and from time to time tested at the contractors' works. 

The wrought-iron shall be of good malleable quality 
and quite free from surface stnd shut or hammer marks 
or other defects, and the tensile strength shall be above 20 
tons on the square inch. 

The gunmetal shall be made of strong and durable 
mixture of pure copper and tin, no lead, zinc, or antimony 
being used therewith, and shall be wrought and fitted to 
the several parts for which it is intended. 
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GLOSSARY OF TERMS. 

In all works on Engineering, and more particularly 
in these days of specialized branches of Engineering, many 
technical terms and names are used which are not usually 
found in Dictionaries. It is, therefore, deemed desirable, 
for the information more particularly of students interested 
in the special subjects with which this work deals, to give 
the meaning of such terms. Some are peculiar to certain 
districts in India, an example being uaii'kui^ a washing- 
place, another name for which is mori, — a word which is to 
a greater extent used outside the Bombay Presidency tnan 
within it. Certain it is that the meaning of many of the 
names used, though familiar to Sanitary Engineers in the 
East, would be quite unknown to Engineers practising in 
Europa; and therefore the Author hopes that tliis Glossary 
may be useful, not only to students interested in Sanitary 
Engineering, but even to Engineers generally. If some 
of the terms seem to be too simple and well-known to 
require definition, it should be remembered that English 
is a foreign language to many Eastern students, and it is 
to them that this work is also addressed. 

Adjutagb Helper. The name given to a lip on 

the top of the inner leg of an auto- 
matic siphon, which helps the siphon 
to start flushing by allowing the 
water to fall over without touching 
the side of the leg. 
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Alluvivl 



An^robio 



Annular 
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. "Living in contact with air." The 
term is applied to certain micro- 
organisms which live preferably in 
the presence of atmospheric oxygen 
and oxidize the ammonia in sowage 
into nitrites and nitrates. Probes 
are divided into facultative and 
obligate aerobes: the former can live 
in trie absence of oxygen, the latter 
are unable to do so. 

. The term applied to the soil and mis- 
cellaneous substances collected and 
deposited by the action of water. 

. " Living without air." The term is 
applied to certain micro-organisms 
which live preferably without air. 
and reduce the organic matter in 
sswage, thus preparing it for treat- 
ment by aerobic bacteria. 

. Having the form of a ring, pertaining 
to a ring. 

ANTi-BirHOKAGKPiPK.The term given to a small pipe which 
supplies air to siphons and traps, 
and prevents their being untrappcd 
by a partial vacuum bsing formed 
through a sudden rush of water fall- 
ing in a pipe to which the sipiion 
or trap is connected. 

Argillaceous Stone The class of stone in which alumina 
or clay is the characteristic consti- 
tuent, such as slate and shale. 



Digitized by 



Google 



'H52 ORAIMAQR PROBLKMS OF THE BaST. [ApP. III. 

Arios - Edge: a term often applied to bricks; 

for instance, it should be specified 
that bricks should have good sharp 
arrises, i.e.^ sharp edges. 

Automatic Having the power of self-motion; that 

which is self-moving, self-acting. 

Baotsria Bacteria is a generic term applied to 

a number of minute unicellular 
organisms belonging to the vege-' 
table kingdom which multiply by 
fission only. The scientific term in- 
cluding all members of this group is 
Schizo mycetes or Fission-fungi. 
In this book the word bacteria is 
used generically to include micro- 
cocci and other members of this 
family. 

Bafflb Wall ... A wall built in a tank or channel to 
check the velocity of the flow. 

Basaltic A term applied to any substance de- 
rived from basalt — rock of volcanic 
origin. 

Bioloqioal Tank ••• A receptacle for liquid so constructed 
as to furnish to the micro-organisms 
contained therein the conditions 
most favourable to the efficient per- 
formance of their work in the direc- 
tion of sewage purification. 

Board of Conssr- The body of men appointed to carry 
VANCY. out measures for the preservation of 

health and cleanliness within a cer- 
tain district. 
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Boning Rod .•. 



Bbiqubtte 



A T-shaped piece of timber of a cer- 
tain length, used in checking the 
levels of excavations or pipes. 



A name derived from the French 
" Brique," a brick, and applied in 
Engineering to a small brick, made 
generally for testing purposes, as in 
cement testing. 

An auxiliary passage by the side of a 
conduit or pipe. 

Galcarbous Stonb. The class of stone in which clirbonate 
of lime predominates, such as mar- 
bles, lime stones, etc. 



By-pass 



Cambbr 



Capacity 



Catch-pit 



Centring 



Cesspool 



*iS 



A slight convexity or arching given to 
a road cross-wise to allow the sur- 
face water to drain off readily. 

The quantity which a vessel is capable 
of containing or a channel of dis- 
charging. In case of sewers, the 
capacity is equal to the area of the 
sewer multiplied by the velocity. 

A chamber built below the level of the 
invert of a sewer in which the velo- 
city of the flow is reduced so as to 
collect such heavy deposit as may 
be in the sewage. 

The framing of timber by which an 
arch is supported during its erec- 
tion. 

A receptacle for sewage: a chamber 
built to receive and temporarily 
hold sewage until it can be removed. 
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Clinkbb 



OombinbdStbtbm. 



CONFIGUBATION 
Da8H-P0T 



Chain-Pdmp ... ... A pump consisting in one of its simplest 

forms of an endless chain equipped 
with a series of disks, passing down- 
wards into the water and returning 
upwards through a tube. 

.. The incombustible portion of coal, par- 
tially fused, which forms in grates 
and furnaces. 

., The name given to the system of 
sewerage, in whicH the conduits are 
constructed for the double purpose 
of receiving both sewage and surface 
water. 

.. The external aspect or contour of the 
land or district. 

.. An apparatus for preventing the too 
sudden movement of parts. It usu- 
ally consists of a small cylinder 
filled with oil and fitted with a 
piston through which a minute hole 
is drilled. The piston rod is attach- 
ed to tho part to be controlled. 

Datum ... Some fact or quantity granted or 

known from which other facts or 
quantities are calculated, e.g.y a 
certain step at the Town Hall, Bom- 
bay, is assumed to be 100 feet above 
an imaginary plane for the purpose 
of calculating other levels in the 
City. 

Dboantation The act of pouring from one vessel to 

another, so as to separate one part of 
the liquid from another or to sepa- 
rate the liquid itself with matter in 
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Dbodohizb ... 

JLrHAPA ••• ••• 

Dhobi Ghat ... 



Diaphragm ... 

DiSK-VALVB ... 



suspension from matter precipitated 
in it, such as clay from sand, by 
putting the mixture into the water 
in a vessel, stirrmg it, and then 
pouring it off into another vessel^ the 
liquid thus poured off carrying away 
the lighter particles of clay. 

To deprive anything of the fetid odour 
resulting from impurities. 

A slab stone used for covering or span- 
ning a masonry drain. 

A public place used for washing 
clothes and sometimes belonging to 
and under the supervision of the 
local authority. 

Vide "Parda.'' 

A circular sliding iron door used for 
closing a pipe sewer. 



Domestic Sbwagb... The sewage derived from the habita- 
tions of man and beast in contra- 
distinction to that derived from fac- 
tories. 

Double Disk ... Two round blocks made principally of 
wood, fixed twelve inches apart and 
connected by bolls — an arrangement 
for passing through pipe sewers to 
cleanse the same. 

Drop Pipe A vertical pipe joining two sewers at 

different levels in a manhole. 

Dry System Lat- A privy where faecal matter and sul- 
BiNB. lage are temporarily collected and 

afterwards removed by hand. 
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Ejbotor 

EXTBADOS 
Fauomt 

FiLLBT 

Flap-valvb ... 
Flushing Doob 



FiEOBS 

Foot Bbsts ... 
fobbshobb ... 

VJiAMKIi ... ... 

Gasket 



... The name given by Mr. Shone to a 
spherically-ended container for re- 
ceiving sewage, from which it is 
ejected by compressed air. 

... The name given to the outside curve 
of an arch. 

... That end of a pipe which is enlarged 
to receive the spigot end of another 
pipe to make a joint. 

... See " Splayed." 

... A broad shutter made of wood or metal 
and hung over the face of a sewer 
and falling by its own weight and 
completely closing the sewer. 

... A flap which is let down by a hinge 
and closed over the face of a sewer 
or conduit to detain the sewage or 
liquid behind it, which, when 
opened, allows the liquid to flow 
away with a rush. 

... The solid matter excreted by human 
beings : night-soil. 

... Raised surfaces in latrines or urinals 
to place the feet on, thus marking 
the exact place for the feet when 
either standing or squatting upon. 

».. The sloping part of the sea shore 
between high and low tides. 

... An iron pan for carrying materials 
generally of a semi-liquid nature, 
such as mortar. 

... A thin twisted or plaited rope of hemp 
put first into the joints of pipes to 
prevent the cementing material from 
passing through into the pipes. 
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Ghani 



Gradibnt .... 



Gravitation ... 



Grout . 






... An Indian term for a mill used in 
grinding mortar, the motive power 
being usually bullocks or buffaloes. 

... The name given in Sanitary Engineer- 
ing to the inclination or slope of a 
pipe or conduit: the vertical fall 
divided by the horizontal distance. 

... The act of tending to a centre of attrac- 
tion, as when water flows from a 
higher to a lower level. 

... Cement mixed with water to the 
consistency of cream. 

OR A name given to a narrow open pas- 
sage between houses, also called a 
sweepers' passage, as it affords access 
to sweepers and halalkhores to the 
latrines or privies of the house. 

... A class of people employed to remove 
by hand feces, etc., from privies and 
dry system latrines. 

... A term applied to the middle part 
between the crown and springing 
of an arch. In a semi-circular 
drain between the sewer and the 
side wall and the circular part 
of the drain. 

High-lands The name given to lands above high- 
water spring tides. 

HoMiD Moist, damp. 

Humous or Humus.. Vegetable mould, or the matter depo- 
sited in a biological tank or filter. 

Hydraulic A term relating to the conveyance of 

water through pipes or channels. 



Gully, Gali 
Housb-gully. 



Halalkhorb.. 



Haunches ... 
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Inspbotion Cbam- 

BBR. 

Intbbobpting Trap.., 



HydrauuoLimb ... The term applied to lime which will 
set in the presence of water. 

Hydraulic Mban The quotient obtained by dividing the 

Depth. area of the cross section occupied by 

the liquid by the wetted perimeter. 

Inlbt The term applied to the higher or 

upper end of a pipe or conduit. 

A masonry chamber built to facilitate 
the inspection of a drain. 

A trap or siphon placed oa a house 
drain between the sewer and the 
house to intercept and prevent gas 
from the former passing up the drain 
or into the house. 

Intrados ... ... The name given to the inner curve 

of an arch. 

Invert The name given to the lowest portion 

of a sewor, pipe, or drain. 

Jaggery Coarse brown (or almost black) sugar 

made from the juice of sugarcane 
or the sap of various palms, often 
seen in the form of small round 
cakes. 

JowAR Indian name for millet. 

JuMP'WEiR A name given to an arrangement, 

made at the street end of a house- 
gully, which permits of a small flow 
of sullage from the gully to fall 
into a trap in connection with the 
house drain, but allows of a greater 
flow of surface water to pass over 
and discharge into a drain set apart 
for the purpose. 
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Kakkar 



• •• •• 



Khanki ... 



KURBI 

Lakh 

Latrine 

Lifting Gear 



A class of hydraulic lime-stone, com- 
posed mostly of carbonate of lime, 
but also containing an admixture of 
clay and sand. 

A stone fair-dressed on the face and 
rough-dressed on the other sides, 
fixed at the edge of a road bordering 
on an open drain, or used aE^ facing 
in a stone building. 

Hindustani name for Lidian com or 
maize. 

One hundred thousand. 

A privy, or a place set apart for na- 
tural purposes. It may be either 
on the dry or water carriage system. 

An arrangement used for the raising 
or lowering of flushing doors by 
means of chains. 



Liquefying Tank ... A tank in which the organic matter 
of sewage is broken up or liquefied 
by bacteria. 



Loam 



Low-lands ... 



Macadamize 



^Mali' 



A species of earth consisting chiefly of 
rich vegetable mould: a light earth 
or marl. 

The term applied to those lands which 
are situated below high-water spring 
tides. 

To • cover a road with small broken 
stones, which, when consolidaled, 
forms a firm surface. (From Maca- 
dam, the Inventor.) 

The Indian name for a gardener. 
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Manholk 



MlORO-OBGANISMB 



Mori 



Mdram ... 



Nahani ... 
Night-soil 



Nullah ob 
Outfall 

OUTLBT ... 

Ovoid ... 
Oxidation 



Nala 



A masonry chamber built on a sewer 
or drain, through which it is pos- 
sible to enter and have access to the 
sewer or drain for cleaning and 
inspection purposes. 

In this book the word may be taken to 
mean bacteria. See "Bacteria." 

A place prepared with masonry and 
set apart or used for washing or 
bathing purposes, either inside or 
outside a house. 

A local name given to the stratum of 
disintegrated rock lying between the 
clay and basaltic rock. 

See " Mori." 

The solid matter excreted by human 
beings : faeces. 

The Hindustani name for a water- 
course: a rivulet 

The lower end of a sewer or conduit, or 
localities where the sewage or sur- 
face water is finally disposed of. 

The lower end of a sewer or conduit or 
the end through which the sewage 
is discharged from a manhole, tank, 
etc. 

A term used to describe sewers built 
in the shape of an egg. 

A term used in sewage purification to 
denote the final change which takes 
place in destroying organic matter: 
the addition of oxygen to the effluent 
by the admission of air to the latter. 
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Parda ••• The name given to a atone slab fixed in 

the sides of a surface water gully 
so as to dip into the water and form 
a trap. 

Pathoqbnio The name given to denote a class of 

organisms which, when introduced 
into the body, gives rise to diseases. 
(Pathogenic: disease producing). 

Pbnstook A gate usually made of iron and built 

• into the body, give rise to diseases, 

that it can be raised or lowered at 
will in cQntroUing the discharge of 
sewage or water. 

Plastic A substance capable of being moulded, 

used in patent jointed pipes to pre- 
vent the cement running into the 
pipe. 

Plinth The masonry base of a building* 

Plumb Vertical or straight 

Plumb-bob A weight attached to a string to test 

the uprightness or verticality of any 
object. 

Pnbumatio Sbwbr a term used in the Liemur method of 
NBT. drainage, to mean a series or net- 

work of pipes. 



Pneumatic System. 



Poling Boards 



The system in which vacuum or com- 
pressed air is the motive power 
employed for lifting sewage. 

Boards intended to support the sides of 
a trench and placed behind the 
walings. 
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Pricipitation 



Privy 



The process by which, a substance held 
in suspension in a liquid is made to 
separate from another or others and 
fall to the bottom. 

A latrine. 



PuBLic(l!oNVKNiBNCK8. Places Set apart for the convenience of 
the public, such as latrines, urinals, 
washing places, dhobi ghats, cab 
stands. 



Clay worked up by being mixed With 
water to a plastic or sticking condi- 
tion. 

A porous stony substance of volcanic 
origin. 

Hammed : packed light by pounding. 

Made smooth: plastered in cement. 

The term used to denote the small 
particles of disintegrated stone, etc., 
worn off from the surface of the 
roads by traflBc. 

Though irrogtilar stones used in coarse 
masonry or to fill up between the 
facing courses of masonry. 

ScRAPKR, OR Shield. An appliance used in cleaning an ovoid 
sewer and made in the shape of the 
sewer with a portion of the bottom 
or the top cut off; when inserted in 
the sewer it heads up the sewage by 
contracting the area of the flow, 
which is consequently accelerated 
and facilitates cleaning by softening 
the deposit. 



Puddle 

Pumice Stone.. 

Punned 

Rendered 
Road DsTRrrus 

Rubble 
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SCKKBN 



SCOM-BOARD 



A xiddle or sieve used to separate fine 
matter from coarse, either solid or 
liquid. 

A board placed across, and descending 
six to eighteen inches below the sur- 
face of the fluid in a tank, to check 
the flow and thereby arrest the float- 
ing matter. 

The depth of contained water in a trap 
which prevents the free passage of 
air or gas through it. 

The name given to the system of 
sewerage in which a district is 
divided into sections, each of which 
has sewers gravitating to one point 
within it. 



SXPARATB System... The name given to a system of sewer- 
age, in which there are different 



Sbal 



Sectional System. 



Septic 

Set Stone ... 

Sbweb 

Sewage 



Shored ... 



conduits for storm-water and sewage. 

A term denoting the promotion of 
putrefaction. 

A medium dressed stone used for pav- 
ing purpose in places liable to heavy 
traffic. 

A conduit for sewage. 

The filthy liquid containing excremen- 
titious and other matters from houses 
and towns which passes through 
drains. 

Propped or supported by timber. 
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Sight Rails ... 



Siliceous Stonb 



•• ••• 



Silt 

SiPHOK .^ ... 



SiPHONAGB 

Sl dob ... 
Sluicb ••• 

SOGKBT ••• 

Soil Pan 
Soil Pipe 



Kails about 4 inches by 2 inches fixed 
across an excavation on wooden 
posts with their tops at a certain 
height above the intended level of 
the bed of the sewer. A line of 
sight along the tops of the rails so 
fixed would be parallel to the gra- 
dient of the sewer. 

A class of stone in which silica or sand 
is a characteristic constituent, such 
as granite, trap, basalt, etc. 

A term given to the deposit of solid 
matter found in sewers and drains. 

A bent tube whose legs are of unequal 
length, used for drawing liquid out 
of a vessel, the shorter leg being in- 
serted in the liquid and the larger 
hanging down outside; when the air 
is sucked from the tube the pressure 
of the atmosphere causes the liquid 
to rise in it and flow over. 

The action or operation of a siphon. 

Soft mud: the term applied to the de- 
posit in biological tanks and filters. 

A contrivance for excluding or admit- 
ting the inflow of a body of water. 

The opening at the end of a pipe gene- 
rally enlarged, into which is inserted 
the end of another pipe to make a 
joint. See *' Spigot." 

A receptacle fixed in a latrine or a 
water-closet, to receive fsecal matter. 

A vertical pipe fixed against a wall to 
take the discharge from water- 
closets. 
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Strcifio Qravitt... The weight of the bulk of any sub- 
stance compared with that of the 
same bulk of water. 

Spigot ., The end of a pipe which is inserted 

into the enlarged end of another pipe 
to make a joint. 

Splatbd FiLLBT ... A uarrow band of cement used to com- 
plete the joint of a pipe and having 
a sloped surface. 

Stratum A layer or bed of stone or earth. 

Strata (the plural), several such 
layers superposed above each other. 

Sterilization ... By the expression sterilization of any 
substance is meant destruction or 
removal of all germs and their 
spores contained in or on such 
substance. 



Strkrt 

t<ON. 



rJONNBO- 



Stop Tap 



Subsoil 



SULLAG3. 



Sump 



SURKI 



TA^K Gas 



That part of the house drain which 
lies between the street sewer and the 
boundary of the house. 

The name given to a cock used in con- 
nection with an Adam's time siphon. 

The beds or strata which lie below the 
surface soil. 

The liquid and other matters discharg- 
ed from bath, cook-room, etc., and 
not containing excrement. 

A reservoir or pit below a pump : the 
lowest point". 

A fine powder made by crushing burnt 
brick. 

, The gas that is liberated in a liquefy- 
ing tank, while the organic matter 
of the sewage is broken up or lique- 
fied. 
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Tensile Strain 
Tidal-flap ... 



Trapped 

Trade Sewage 
Tubbing 

TOFA 

Urban 

Velocity 



Vent Pipe 



Ventilate 



. The olongatictti per unit of length 
resulting from a tensile stress. 

A door attached to a sewer at a man- 
hole, by which the sewage may be 
retained in the sewer for flushing 
purposes (properly, a gate used to 
exclude tidal water). 

, So formed as !o hold a depth of water 
sufficient to prevent the free passage 
of air or gas. 

Sewage derived from factories contain- 
ing chemical matter. 

A water-tight cast-iron chamber con- 
structed underground to contain an 
ejector or ejectors. 

A light porous rock of volcanic origin. 

That part of a large city or town which 
has been fully built upon. 

The rate of movement or flow: the 
distance traversed in a given time, 
usually expressed in feet per second 
or per minute. 

The pipe connected with a sewer or 
drain to maintain an equilibrium of 
pressure between the outside air and 
the inside air of a sewer and to allow 
of the discharge of the sewer air into 
the open air, or the admittance of 
outside air into the sewers. 

To create a current of fresh air through 
a sewer or drain so as to cleanse it 
of foul air. 
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VOUSSOIRS 



Waung 



... Wedge-shaped stones or blocks of con- 
crete used in constructing an arch. 

... A piece of timber placed horizontally 
to support the sides of a trench. 



Wash-down Closbt. A latrine on the water carriage system, 
the soil pan of which discharges 
downward into the trap. 

Wash-out Closbt... A latrine on the water carriage system, 
the soil pan of which discharges 
horizontally into the trap. 

Wastb Watbr Pipe. A vertical pipe used for the discharge 
of sullage. 

Watbr Carriaqb A privy, the faeces from which are 
Latbine. carried to the sewers by water. 

Water Closet ... A latrine on the water carriage system. 

Water Gully ... A trapped receptacle through which 

the surface water from the road 
flows into an underground drain. 

Water Tables ... Flat dressed stones fixed at the sides 
of a road over which the surface 
water from the road flows to the 
water gully or drain. 

Wetted Perimeter, The length (measured at right angles 
to the flow) of such parts of the sides 
and bottom of a conduit or channel 
as are in contact with the liquid. 



Windsail 



A tube or funnel of canvas used to 
convey air into sewers or drains. 
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Basel German Mission Ma ngalere Tiles. 

PATENT GEILjNG TILES 

are not only artistic and elegant in design, but also fireproof 
when compared with bamboo ; mat or wooden ceiling tile has 
the same area as that of our ordinary flat tile, and 150 of them 
will cover 100 s^. ft. The weigtit of each ceiling tile is about 
2i lbs.; by the use of it great saving is effected in woodwork. 

PATENT WALL TILES FOR DAMP WALLS, &c. 

The above are secured by Royal Letters Patent against worth- 
less imitations. 

For Illustrated List and every other information, apply to 
WARDEN & Co., Sole Agents for the Bombay Presidency, 
Hummum Street, Fort, Bombay. 



THE OLD NINE-ELMS PORTLAND CEMENT. 

Guaranteed Tensile strength about 1,816 per square inch, 
in casks 01 400 lbs. gross. 

French Roofing and Pavement Tiles of the Best Manufacture 
always in stock. 

''BASEL MISSION" CEMENT FLOOR TILES. 

IN VARIED AND ARTISTIC DESIGNS. 



MINTON TILES. 



Plain and Encaustic, for Public Buildings and Dwellings, as 
laid by us in numerous Churches, Banks, and Dwellings in every 
part of the country. Glazed and Enamelled Tiles for Mantels, 
Hearths, Wainscoting, &c., &c., and for Exterior Decoration, 
Drainage Works, &c. 



MARBLE. 



Monumental, in various designs. Best Carrara Marble Slabs 
and Tiles, Sec, kept in stock. 

WARDEN & Co., 

Hummum Street, Fort, Bombay; 

AND 

BUNDER ROAD, NEAR DENSO HALL, 

KARACHI. 
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WORTHIHfiW PUMPS. 



All Sizes and 

for all Services 

kept in Stock. 



CONDENSING PLANTS, 

WATER METERS, 
POWER PUMPS, 

CENTRIFUGAL PUMPS. 



Head Office for India: 

Worthington Pump Co., Ld., 

10, Clive street, 
CALCUTTA. 
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VERNON PARKER 

Hassairs Patent 

Pipe Joint 

FOR MAKINQ^-i^-^ 

WATERTIGHT 

SEWERS. 

Used in all the principal Cities of the World. 

IMITATED BY MANY. EQUALLED BY NONE. 

STILL THE PREMIER JOINT. 



Shone's System of 
Ventilation of 
Drains and Sewers. 

POSITIVE. SIMPLE. PERFECT. 

ECONOMICAL. CONSTANT. 

20, VICTORIA STREET, LONDON, 8.W. 
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JAMES SIMPSON & Co., Ld. 



Manufacturers of the highest 
class of Pumping Machinery 
for Sewage and Water Works. 



Sole Agents for 

The "Vcntari" Water Meter. 

Sole Agents for 

Diesel Oil Engines* 



Works : 

LONDON & NEWARK. 



INDIAN ADDRESS: 

James Simpson & Go., Ld., 

10, Clive Street, 
CALCUTTA. 
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SHONE PNEUMATIC EJECTORS 

For raising: 

Sewage, Sludge, ^ 

^ Pall Contents, 

^ ^ Water, &c. 
AUTOMATIC, EFFECTIVE, ECONOMICAL. 

As used at 

RANCOON, KARACHI, BOMBAY, EASTBOURNE, SOUTHAMPTOII, 

NORWICH, IPSWICH, ARAB (HUNGARY), WELUNGTON (H.Z.), 

Ao., Ac, and many other Towns. 

COMPRESSED AIR-LIFTS 

For raising Water from Boreholes, Welis, Ac, &c. 

AIR-COMPRESSING MACHINERY, &c. 



For Pamphlets and Full Particulars apply to 
the Manufacturers: 

HUGHES & LANCASTER, 

16, VICTORIA STREET, LONDON, S.W., 
CONTRACTORS FOR DRAINAGE AND WATER-SUPPLY WORKS. 
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ContractorstoH.M/s Government, Colonial & other Governments. 

SUTTON & Co., 

UNION POTTERIES, 

Near Ashby-de-la-Zouch, ENGLAND, 

MANUFACTURERS OF X^Xt 

TOHEWARE PIPES AND CONNECTION 
UTTON'S PATENT FLUSH JOINT PIPE 
MITH'S PATENT IRON JOINT PIPE 
ABINE'S PATENT STEAM FLOOR QUARRIE 

WYVURST PATENT CHANNELS, Etc., Etc. 

TROUGHS & CONDUITS FOR ELECTRIC CABLES 

IN THEIR IMPERMEABLE STONEWARE. 

Specialities pequired by Engineers and otliers 
receive careful attention. 




Tlie Goods are used on Main Drainage Contracts, and also by 
leading Civil Engineers, Surveyors and Corporations. 

Purthw IntMmatlan may Ae obtaln^a ftrom Ag^ntm or <A« Workm. 
TMKrapM. MdrM.: Owto-Jtm Sth UHMo. - TMphom: 

•SUTTON, OVERSELL.' No. 18, Swradlinoote. 



SORABJEE SHAPURJEE & Co., 

SOLE AGENTS. BOMBAY. 
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GREAVES, COTTON & Co., 

/. Forbes Street, Fort, BOMBAY, 

ENGINEERS AND MACHINERY IMPORTERS, 
AGENTS FOR 



Mbssrs. HOWARD & BULLOUGH, Ld. ... 

HENRY LIVESEY, Ld 

.. WILLIAM TATHAM & Co., Ld. ... 
MATHER & PLATT, Ld 

JOSEPH SYKES BROS., Ld. 
DRONSFIELD BROS., Ld 

YATES & THOM, Ld 

RUSTON, PROCTOR & Co., Ld.... 
TINKER, SHENTON & Co., Ld.... 
FRANK PEARN & Co., Ld. 

YORKSHIRE MACHINE TOOL 
& ENGINEERING WORKS. 

E. R. & F. TURNER, Ld 

JOHN ORMEROD & SONS, Ld. 
WILLIAM KENYON & Co., Ld... 
BELLS ASBESTOS Co., Ld. 

Thb LINDE BRITISH REFRIGE- 
RATION Co., Ld 

WITTING EBORALL & Co., Ld. 

,. FERRANTI, Ld 

GILBERT ARC LAMP Co., Ld. .. 

W. HENLEY'S TELEGRAPH 
WORKS Co., Ld 

The STIRLING BOILER Co., Ld. 

KIRCHNER & Co 



&c., 



&c.. 



Spinntngr Machinery. 
Weaving Machineiy. 
Waste Machinery. 
Bleaching, Dyeing' and 
Finishing Machinery. 
Card Clothing. 
Card Mounting, Grinding 
and Testing Machinery. 
Large Mill Engines and 

Mill Gearing. 
Steam and Oil Engines. 
Boilers. 
Pumps. 

Machine Tools. 
Flour Mill Machinery. 
Leather Belting. 
Cotton Ropes. 
Asbestos Goods. 

Ice Making Machinery. 
Electrical Machinists. 
Electric Instruments. 
Electric Lamps. 

Cables, Wire, etc. 
Stirling Boilers. 
Wood Working Machi 
nery. 

&c. 



In stock :-ENGINES. BOILERS. PRESSES. GINS. UTHES. 
DRILLING MACHINES. PUMPS. PULLETS. GEARING. DYNAMOS. 
MOTORS. CABLES. UMPS AND OTHER ELEQRICAL FITTINGS. 
LEATHER BELTING. COTTON DRIVING ROPES. PACKINGS. &c. &c. 



Prio^m and Emtinuitem on Appiioation. 
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^ AND ^ 

CONSTRUCTION Co., Ltd. V 

Indian Office : I Head Offica : 

72, APOLLO STREET, I Hamilton House, VIctoHa Embt., 

BOMBAY. I LONDON, E.G. 

CONTRACTORS FOR MAINS AT 

Bombay, Caloutta, Hongkong, Kuala Lumpur, Singapore, eto. 



Laying^ Callender Mains on Solid System in Yorkshire, for th 
Yorkshire Electric Power Co. 
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The Potteries, 
RANEEGUNGE. ^iK* 





^^ 



.^"^ 



The Potteries, 
JUBBULPORL 



Manufacturers of 



Glazed Stoneware^ Sanitary Pipes, Vi- 
trified Sanitary Ware, Ornamental Terra- 
cotta Tesselated Pavements, Marbleite 
Pavements, Firebricks and Fireclay goods 
of every description. 

Large stocks always on hand. 
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NOWROSJEE WADIA & SONS, 

CUMBALLA HILL, 
BOMBAY. 



Agents for 

TiM BOMBAY DYKINQ and MANUFAOTURINQ Co., Limited, Dadar. 

Th« TEXTILE MANUFAOTURINQ Oo., Limited, Lower Mabim. 

Meeers. HIOK, HARQRKAVK8 Jk Oo., Limited, Engineers. Ac. Bolton. 
„ PLATT BROS. Jk Co., Limited, Machinists, Oldham. 

„ QKORQK MILL8 Jk Co., Sprinkler Manufacturers, Radcliffe. 

„ WIL80N BROa., BOBBIWrOo., Umited, Bobbin Manufacturers, Garston. 
Liverpool. 

„ J. MKRKDITH JONK8 JkSONS, Roller Leather Manufacturers, Wrexham. 

„ BADIK BROTH KRS Jk Co., Manufacturers of Ring Travellers. Manchester . 

„ SPURRIKR, QLAZKBROOK Jk Co., Umited, Manufacturers of Ring 
Spindle, Cylinder, Shafting, etc.. Oils, Manchester. 

„ THOS. HARDMAN Jk SONS, Limited, Woollen Manufacturers, Bury. 

„ JOHN WHITKLKY Jk SONS, Card Makers, Halifax. 

Mr. JAMK8 KASTWOOD, Manufacturer of Sizing Materials, etc^ 14, Market 
Place, Manchester. 



J. P. HALL Jk Co., Makers of High Speed Engines for Electric Lighting, 
Dynamos, Motors, etc., Oldham. 

W. T. HKNLKY'S TKLKQRAPH WORKS Co., Limited, Telegraphic 
Engineers and Contractors, Makers of Insulated Wires for Electric 
Lighting, etc., etc, London. 

DOWSON, TAYLOR JkCo^ Umited, Vortex Humidifiers, Blackfriars 
Bridge, Manchester. 
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Sanitary SeTolntioii in Faint fork. 



HALL'S PATENT SANITARY 

f ASmLE mSTEIFEB. 
CHEAPER EVEN THAN WHITEWASH. 



^•» 



REDUCED PRICES. 

For quantities in air-tight tins of 

28Ibs« each Rs* 25-8 per cwt« 

For lesser quantities As« 4 per Ib^ 

(Packing extra for small quantities*) 

No^e.— Abofst 2^ lbs. cover a surface of 100 square feet. 



MARSLAND, PRICE & Co., 

Engineers and Contractorm, 

Nesbit Road. Mazagon. BOMBAY* 

Books of Tints & Directions supplied on application* 
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ORENSTEIN & KOPPEL, 

Light Railway Engineers, 

Manufacturers Special Loco- 

of Permanent motive Works, 

and Portable Yearly Outturn 

Railway Plant 40o Engines 

and Rolling f«^™ 5 to 60 

Stock. Tons weight. 

CONSERVANCY LINES 

for Hand, Bullock or Locomotive Power 
A SPECIALITY. 

Conservancy Cars of Platform Trucks, 

every description. Side Square Tubs for every 

and All-round Tipping variety of purposes. 
Wagons. 

Prompt Supply from Calcutta and Bombay Stock. 



Steel Sleepers, Switches, 
Steel Rails of any section "W" Turntables, Wheels on 




from 8 to 60 lbs. weight | ^^^g, Roller Bearings, 

per yard. | etc., etc. 



Catalogues and Estimates free on application. 

4, Bankshall Street, 
CALCUTTA. 



Digitized by 



Google 



ADVERTISEMENT. 



TO 

ENGINEERS, ARCHITECTS & OTHERS. 

The Best Material for Lining Reservoirs, 
Filter Beds, Sewerage Tanks, Culverts, Aque- 
ducts, etc.. In order to render them perfectly 
Watertight, Is 

CALLENDER'S PURE TRINIDAD LAKE 
BITUMEN SHEETING. 



VILLAGE DEEP RESERVOIR, JOHANNESBURQ, S.A. 

Manufactured only by 

GEORGE M. CALLENDER & CO., LD., 

25, Victoria Street, Westminster, LONDON, 8.W. 

Agents, Bombay ;— 

MARSLAND, PRICE & CO., NesbitRoad, Mazagon. Bombay. 

Agents, Calcutta,:-- 

BURN & CO., 7. Hastings Street. Calctitta. 

Full gMrtloular9 on application. 
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The UNITED ASBESTOS Co., Ld. 



(Oldest Asbestos Mine Owners and Manufacturers 
In the World.) 



Dock HousOy BIIBtor Street, LONDON, England. 

SPECIALITIES :- 

"SALAMANDER" MILLBORD 8PCOIAL A-l QUALITY 

(made from selected Italian Fibre* Guaranteed pure). 

< VICTOR " A8BKSTO-METALLIO 8HEETINQ, Tape, Ovals, 
Ring's, &c., tl f best possible jointing materials. 

(Over 2,000,000 Steam, Manhole, Hydraulic and other Joints 
made from * Victor " Sheeting are supplied annually to 
H. M. Navy). 

<< VICTOR " A8BBSTO-METALLIO PAOKINQ8, as used in 
H. M. Navy. 

'* ECLIPSE Metal-faced Packmg : This often runs from one to 
three yeers without renewal* 

" SALAMANDER " LOCO. PACKINQ,-.a good, cheap, durable 
and lul ricated Packing. Suitable for all types of Land Engines. 

"UAOOUTE"— Water and Fireproof Sheets for Building, Electric 
Insulation and other purposes. 



Samples and Prices on application. 

ORDERS PROMPTLY EXECUTED FROM STOCK. 



The Lords of the Admiralty have for the 20th year in succession 
awarded important contracts for the supply of asbestos goods for use in 
the Roynl Navy to this Company. Nearly 1,000 miles in length of 
"Victor " Metallic, *' Salamander" Block, and other Packings and many 
milliona of "Victor" Metallic Joints alone have been supplied by this 
Company to H* M.'s Navy* 

SOLE AGENTS IN INDIA : 

Bomlay Pres. : MACBETH BROS. & Co., Bombay. 

Madras Pr0*. : ARBUTHNOT'S INDUSTRIALS, Ltd., Madras. 

Bengal & N. W. Prov. : QAVIN JONES & SON, Calcutta & Cawnpore 
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THE PERFECT POTTERY CO., 

JUBBULPUR, C. P. 

HKAD OFFICE : POTTERY WORKS : 

HANNOOHAN TAB. POU PATHAR & NATAGAON, 
Jttbbdimr Qty* On the B«-N« Ry*. Jttbbdpar* 

AQENT8 FOR BOMBAY: 

MACBETH BROS. & Co., BOMBAY. 



M Manufacturers of all articles connected with the 
Clay Industry, equal if not superior to the best im- 
ported goods, as an actual trial o*" test of quality 
will prove, such as the following : — 

(a) Firebricks of the highest quality and for all 

purposes, blocks for the setting of boilers, 
and blast furnace cupolas where nothing 
but the highest refractory quality can be 
satisfactorily used, and fireclay for build- 
ing up of above. 

(b) Glazed stoneware drainage or sewage pipes, 

bends,and oddments of all kinds; channels, 
traps, syphons and other sanitary appli- 
ances. 

(c) Roofing and flooring tiles of the most ap- 

proved patterns, glazed and unglazed. 

(d) Ornamental pottery, household wares, gar- 

den requisites, water filters, etc., etc. 

The works are situated partly in each of the 
villages of Poli Pathar and Nayagaon, where there are 
clay deposits of the very finest quality in India, the 
B.-N. Railway passing through our premises and 
laying a siding into our Factory for the conveyance 
of our goods. 
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PALLONJI EDULJl 

Sanitary Plumber 

and Contractor, 

Khetwady Back Road» Bombay^ 

Btinder Road^ Karachi. 

6t Arthur Streets London^ E«C 



A large stock of Sanitary Appliances 
and Fittings of the latest English type 
by best makers always in stock. Sani- 
tary Plumbing and Hot Water Instal- 
lations executed under the supervision 
of special European foremen. 

Sanitary Contractor for the Taj 
Mahal Hotel and other public build- 
ings in Bombay and Karachi. 
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DOULTON & CO., LIMITED, 

LONDON. 

ROYAL DOULTON POTTERIES. 

(39c IRo^tii tnuittiint) 



112 Qolcl M«dals and First Olan Awards. 
102 Silver Medals and other Awards. 



CHIEF OFFICES AND SHOWROOMS: 

Albert Embankments Lambeth^ London. 



Sanitary Engineers and Manufacturers of :— 

Lavatories, Closets, Urinals and Baths. 

Automatic Syphon and. Flushing Tanks. 

Hospital Lavatories and Operating Room Fittings. 

Sanitary Appliances in Stoneware and Earthenware. 

Drain Pipes and Sewerage Appliances. 

Architectural Terra-cotta and Blue Bricks. 

Terra-cotta Garden Ornaments. 

Fireplaces and Stoves in Glazed Ceramic Ware. 

Plumbago and Fireclay Crucibles. 

Firebricks, Glazed Chemical Apparatus. 

Water Softeners, Water Filters. 

Doulton Ware and other Art Wares. 



Estimates and Dlttstrated Partictilars fornished on application b7 the 
Agents for Bombay: 

RICHARDSON & CRUDDAS, 

Byculla Iron WorkSt Bombay. 
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THE EXPANDED METAL SYSTEM OF 




FIREPROOF BUILDING CONSTRUCTION. 




Moisture, Qepiriy Vermlnp Sound and Thief-ppoof. 

Reinforced Concrete Balldinsrs are economical In first cost- 
Require no repalrs^Recelve the lowest insurance Rates— Most 
Sanitary— And are Indestructible. 

Reinforced Coacrete is unsurpassed for Foundations on Unreliable 
Soil, and can stand Seismic Discurbances better than other Materials. 

Best for Sanitary Construotlon of all kinds. 

ARNOLD WHITE says :—** Millions of people live in dwellings 
that are not fit for well-bred swine, much less for vsduable dogs." 

"Sanitary Housing Is an Imperial Question." 

*' If the Empire perishes, it wiU be because tb^ealth of the people 
is ignored." 

Particulars, Plans, Suggestions and Estimates may be obtained 
from ^^ the Specialists in /Reinforced Concrete Construction and Economi- 
cal Designing " 

MARSLAND, PRICE & Co., 

Comtruotlonal and Sa#i/tary Engineers, 
Nesbit Road. BOMBAY. 
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THE FIDDIAN PATENT 
AUTOMATIC SEWAGE DISTRIBUTOR. 

Adopted for Continuous Filters throughout 
Great Britain and in Ireland, France, South Africa 
and India at Lucknow and Benares. 

BIRCH, KILLON & Co., 

20, Cooper Street, MANCHESTER. 

Telegraphic and Cable Address:— 

*• Filtration, Manchester.** 

Nat. Telephone No. 6074. 

On the War Oflfoa U9t. 

YOUR REFERENCE BOOKS 
AND MAGAZINES. 



Your books and magazines are only of value to you so long 
as you can use them. If the leaves are falling out, you 
waste time in having to put them back in their proper 
place. If they get lost, your books are of very little 
value to you as they are incomplete. The "Times of 
India *' Press have been binding books since the business 
was started. * The Managers know how your books may 
be bound stronger and cheaper than you can get them 
done elsewhere. They know by experience. Send your 
binding to the largest Press in India, if you want it 
well done at a low price and quick. 

"TIMES OF INDIA- PRESS, 
BOMBAY. 
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SANITARY APPLIANCES. 



Lavatory Basins, Wash -down Closets, Sinks, Urinals, 

Baths, Wash-out Closets, all PedesUl Closets, 

all with every modern Improvement. 



OTHER DEPARTMENTS— 

Eni^Ilsh, American and other Floorlni^ and Dado 
Tiles. 

White Glazed Tiles. 

*' French " Germanic Mosaic Pavement Tiles. 

Carrara Marble Ai^ency. 



ORIENTAL COMMERQAL AGENCY, 

Medow St., Fort» BOMBAY. 
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